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APPENDIX A 

This  appendix  contains  borehole logs and  well construction summaries  for the 
T h e  appendix is borings dr i l led in the vicini ty  of  the  Original Process Waste Lines 

presented in  the  following order 

o 1986 Monitor Wells 

o 1987 Monitor Wells 

o 1987 Boreholes 

' 0  ORIGINAL PROCESS WASTE LINES CLOSURE CHARACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO 3 OCTOBER 1988 REVISION I APPENDIX A 



EXPLANATION OF SYMBOLS AND TERMS 
ON BORING LOGS 

SAMPLE TYPE 

Continuous Drive 

%>P- 

Clayey Sand or Sandy Clay 
-7-7-2- 

Sand or Sandstone 

Sand and Gravel 

Silt or Siltstone 

WATER CONTENT x v STATIC WATER LEVEL  OH 10/13/86 

WATER LEVEL FOUND DURING DRILLING 

PENETRATION RES ISTANCE FI STANDARD PENETRATlON TEST RESULTS 
BLOWS PER INCH. 



EXPLANAT ION  O F  SYMBOLS  ON 
WELL CONSTRUCT ION  S U M M A R I E S  

1, PROTECTIVE CASING 

WELL CASING 

WELL C A S I N G  

WELL COMPLETION MATER IALS  

C E N T R A L I Z E R  

G E O L O G I C  UN ITS  

ALLUV IUM / BEDROCK CONTACT 

BLANK 

S C R E E N  BJ 
WELL COMPLETION M A T E R l A L S  

&a CEMENT  GROUT 

0 
0 

BENTONITE  P E L L E T S  

S A N D  PACK 

CUTTINGS  

GEOLOGIC MATER I ALS  

E X P L A N A T I O N  PRESENTED  I N  LOG OF BORING 
E X P L A N A T I O N  



1986 MONITOR WELLS 
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INDEX OF DATA 

Boring N o  4-86 

Completed as well' kes 

Data i n  F i le  

s 

x 
Log o f  Borehole 

Well Consti uctioii Summaries 

Well Development Summaries 

Hvdraulic  Conductivity Test Data 
and Results  

Packer  Test Data  and Results 

Water Level  Data 

Saturated Tliickiiess Hvdiogiaph 
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Projoct Rocky Flats Plant  LOG OF BORING NO. 4-86 

Date Drllled 4/24/86 Coordfnate8 N 40437.1 E 30774 2 
Boring Method IbllaJ Sten Auger Ground Surfaco Elevation 5636.60 

VALLEY PI 

0-0 7' CLAY dark 
brown, silty, trace 
granitic pebbles; moist 

0 7-1 5' CLAY medium 

to dark brown, poorly 
sorted, fine to coarse, 
quartz and feldspar,* silty 
clay partings, moist 

12.2-13.0 CLAY medium 
brown to medium gray, 
sandy to gravelly, some 
granitic pebbles and 
cobbles, iron staining, 
wet 

___________ ~~ 

2 7-3 0' CLAY dark 
grayish brown, iron stains 
and trace granitic 
pebbles, silty, moist to 
wet 

3 0-8.0 I -Sample 
Recovered 1 7/5.0'=34% 

3.0-4 0' CLAY- Same as 
above, moist to wet. 

6.3-8 0 '  CLAY dark 
grayish brown: silty, iron 
stains and trace granitic 
pebbles, moist to wet 

8 0-10 5'-Sample 
Recovered 0 7/2 5'=28% 

8 0-8.7' CLAY dark 
brown, silty, trace 
grading to some granitic 
cobbles, moist 

10 5-13 0'-Sample 
Recovered 1 3/2.5'=52% 

11 7-12.2' CLAY medium 
to dark brown, some 
granitic pebbles and 
cobbles: sandy to 
gravelly, moist 

Wet at 12.0'. 

Romarko Logged by S Paschke _ _  

Project Wo. 
106Po6222 Hydro-Search, Inc. Page I of  2 

- 
Den t atio 

8?A anc 1 

IBbwdInct 
20 40 m 

I 

II 



lLoG OF BORING NO. '+-86 
Projoct Rock+ Flats Plant 

Date Drilled 4/21/86 Coordinate8 11 40437 1 E 30774.2 
Boring Method Hollow Stem Auger Qround Surfaco Elevation 5636.60 

--- -- -- --- .- - - -- - -: 13.0-15 5 I -Sample. 
Recovered 2 1/2 5l=849 

13 0-14 7 '  CLAY medium 
gray, some fine to coarse 

---- ---- 

_ _ _ _  sand and some granitic - - -  ---- - - -: pebbles, iron staining, - - - -  - - -  wet ---- - -- - ---- - - - .  1 4  7-14 9 '  CLAY rmedium 

---- - - -  sand and granitic pebbles, 
- - - -. iron staining, wet 

gray, some fine to coarse - -- - -- -. ---- - - - :  
- - - -  - - -  

ARAPAHOE FORMATION 

15 5-18 0'-Sample 
Recovered 2.5/2 5'=100% 
CLAYSTONE medium gray, 
slightly sandy; moist 

I TOTAL DEPTH 18.0' 

'en t atloi R e a?at a nc 
:Blows/ lnc t 

20 40 m 

Rom8rka Logged bv S Paschke Checked by 

Project No 
106Po6222 I Hydro-Search, Inc. 1 Paee ? 7f 2 

I 

c 



WELL 4-86 

UCTION SUMMARY , 

L 

-16 

- - -- CASING C I  2" I D Sch 5 tm 316 stain- 
less steel ,  threaded and flush 
iomted 

- - - - - - - - 

5 SCREEN S I  2" I D Sch 5 tm 316 s ta i r r  
less steel, threaded and flush 
ointed, 0 020" wire wrap screen, 

0 25' wlded bottan caD 
- 

1- CENTRALIZERS A t r a l  izer Dlaced amroxi- 
1- 

, 
- 

mately md-point on screened interval - - 

CEMENT Portland T w ~  I 

OTHER 318" be-s 

0 00' - 1 95' 

1 95' - 2 40' 

ELEVATION GROUND LEVEL 5636 60' 
TOPOF CASING 5637  9 4 '  

CONSTRUCTION TIME LOG 
I START I FINISH 

T A S K  - 
DRILLING 

I-1-1- 

I-I-I- -- 
4/25 1010 CEMENTING -- 

OTHER 

. -  I 4/24 
4 I25 
8 129 - 

1 4/25 .- 

I- 1-1- 

WELL DEVELOPMENT 

See Well h e l o p r e n t  Surmary Sheet 

COMMENTS 

Water encountered a t  12 00' during drillin: 

TOD of stainless steel casing 1 34' 

CONS U LTI N G H Y D R 0 LOG I S TS - G EO LOG I STS 
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x Well Construct ion Summaiies  

Well Development  Summaries  
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Packer  Test Data  a n d  Results 

Water Level Data  

Sa tura ted  Thickness  Hvd iog iaph  
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Project bckv Flats Plant LOG OF BORING NO. 11-86 

Date Drilled 9/5/86 Coordinate8 N 40321.2 E 26931 o 
Boring Method Hollow Stem hueer Ground Surface Elevation 5712.19 

Material Description 

VALLEY FILL ALLWIUM 

3 0-2 0'-Sample 
Recovered 2 0/2 01=100% 
0 0-0 7' S A N D  AND ~~~ 

GRAVEL Grayish brown (5YR 
3/2), some granitic 
pebbles, roots and grasses 
common, poorly sorted, 
angular, unconsolidated, 
dry - 
0 7-2 0'-Sample GRAVEL 
grayish brown (5YR 3/2) 
fine- to medium-grained 
sand and gravel, few 
roots, poorly sorted, 
subangular, 
unconsolidated, dry 

2 0-3 0'-Sample 
Recovered 1 0/1 O'=100% 
GRAVEL dark yellowish 
brown (10YR 4/2) with very 
coarse grained granitic 
pebbles, some red (5R 4/6) 
iron staining, poorly 
sorted, angular to 
subrounded; 
unconsolidated; dry 
3 0-6 0'-Sample 
Recovered 0 0 / 3  01=0% 

-0-8 0 -Sample 
ecovered 0 8/2 0'=40% 

SAND grayish red (5R 
4/2) coarse to fine- 
grained with several 
quartzite and granite 
pebbles, poorly sorted, 
angular, unconsolidated, 

8.0-10 0'-sample. 
Recovered 1.5/2 0'=75% 

dry 

-5-9 5 ' .  SAND AND 
GRAVEL dark yellowish 
brown (10YR 4/2) with gray 

sorted : angular, 
unconsolidated, dry 

i" quartzite pebbles, poorly 
ARAPAHOE FORMATION 

' 9 5-10 0 '  CLAYSTONE 
pale yellowish brown (1OYR 
6/2), slightly sandy: 
moderate yellowish brown 
(10YR 5 / 4 )  mottles, no 
pebbles, blocky texture, 

Remark8 Lmeed bv J Beranan 

'en tratior 
Re 8% t a nc E 
Bbwd 20 Incw 40 

Trn- 



Project: Rocky Flats Plant (LOG OF BORING NO. 11-86 

Date Dr111.d 9/5/86 Coordlnate8 N 40321.2  E 26931.0 
Boring Mothod Ebllcw Stem Auger around Surface EJevation 5712.19 

I 

Mat or I d  08 8crbt ion 

10.0-11.5'-Sample. 
Recovered 2 0/1 5'=125% 

dark yellowish brown ( 1 0 ~ ~  
10.0-10 5' CLAYSTONE. 

4/21, dry 

10 5-11 0' CLAYSTONE 
light olive gray (5Y 5/2) 
and dark yellowish brown 
(10YR 4/2) clay with 
moderate yellowish brown 

5/4) mottles, 
onsolidated, dry 

11 0-11 5' SANDSTONE 
very light gray (N 8 / 0 )  
with moderate brown (5YR 
4 / 4 )  fine-grained to 
medium-grained sand. well 
sorted, rounded, 

11 5-12.O8-Sample 
Recovered 1 5/1.5'=1001 
CLAYSTONE moderate 

Recovered 1.0/1.0'=1002 
SANDSTONE moderate brown 
(5YR 4/4) and light olive 
gray (5Y 5/2) very fine- 
grained to fine-grained 
sand, homogeneous, well 
sorted: rounded, well 
cemented, dry 
13 O-14.0t-Sample 
Recovered 1 0/1 01=100% 
SANDSTONE medium light 
gray (N 6/01 fine-grained 
sand, few black organic 
particles, well sorted, 
silica cement, Last 1 0" 
contains pale yellowish 
brown (10YR 6/2) and light 

, brown (5YR 6/4) fine- 
grained to very fine- 
grained sand, rounded, no 
clav: dry 
14 0-15 0'-Sample 
Recovered 1 0/1 O1=lOO%. 
SANDSTONE medium gray 
and medium light gray 
(N6/5) very fine-grained 
to fine-grained sand: some 
patches of pale yellowish 
brown (10YR 6/2) sand, 
well sorted, rounded: well 
cemented, dry 

TOTAL DEFT" 15 0' 



c 

. o  

. 2  

8 

. IO 

' I 4  L 
. 16 

' 18 

20 

1 1-86 WELL 

W E L L  CONSTRUCTION SUMMARY 
LOCATION or COORDS 
N 40321 2 E 26931.0 

ELEVATION GROUND LEVEL 57 l9 ' 
TOPOF CASING 5 7 I h  75' 

~ 

DRILLING SUMMARY 

TOTAL DEPTH Well 10 25' Hole 15 00' 
BOREHOLE DIAMETER 7t'' 

DRILLER Bovles Brothers Dri l l ine CO 
15865 W 5th  Avenue 
Golden. CO (Tony Robinson) 

RIG Acker 
BIT(S) h11 nose b i t  

DRILLING FLUID - 

SCREEN SI n- 5 '"p '316 -. 

~ d .  0.010'' w i r e  w r a D  sc req  
less s tee l ,  threaded and flush 

0 25' wLped bot tan CaD. 

CENTRALIZERS Tvpe 304 s ta inless  steel 

CONSlRUCTION TIME LOG 

TASK - 
DRILL1 NG 

,511 PY 
v 

GEOPHYS LOGGING 

CASING 
2" stainless 

FILTER PLACEMENl 

CEMENTING 

LEVELCPMENT 

OTHER 
kn ton i  te  

START 

w 
1986 

9/5 1315 

916 1020 I 
-I- 
-- 
9/6 1025 
9/6 l a 5  
9/8 1500 

9/6 1030 
9/6 1015 

-- 

FINISH - 

915 1600 I -- 
--, I 

I - - -- 
I 
I 

916 1025 j 
I 

-1 

-- 
9 I6 1030 
9 I6 I050 
9/18 loo0 

--I 916 1035 ' 
9/6 1020 1 

-- 
-- 
-- 

-- =I= 
-- 

WELL DEVELOPMENT 

See Well Develomnt Sunnary Sheets 

I 

I 
I 

I 
I 

COMMENTS 

water mcountered during dr i l l ing  

Top of stainless steel casing' 2 56 '  

Cave fran TD to 13 75' 

CONSULTING HYDROLOGISTS- GEOLOGISTS 
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Boring N o  12-86 

Completed as well” Yes 

D a t a  i n  F i le  

Log o f  Borehole 

X Well Construction Summaries 

Well Development Summaries 

H v d r a ti 1 1  c Con d ti c t i v i t  y Test Da t a 
and Results 

Packer  Test Data  and Results 

Water Level Data 

Saturated Tliickness Hvdiogiaph 
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Project Rocky Flats Plant LOG OF BORING NO. 12-86 

Date Drilled 9/6/86 Coordinate8 N 39343.3 E 24790.5 
Boring Method HDLlow Stan Auger Ground Surface Elevation 5777 88 - 

Elev 
feet - Material Dorcrbtion 

0 0-2 0'-Sample 
Recovered 1.2/2.01=60% 
SAND dark yellowish 
brown (10YR 4/2) very 
fine-grained sand and 
clay, trace gray quartzite 
pebbles, poorly sorted, 
angular, unconsolidated, 
moist 

2.0-4 0'-Sample 
Recovered 2 0/2 01=100% 
CLAY dark yellowish 
brown (10YR 5 / 4 )  and 
moderate yellowish brown 
(10YR 4/2) with some 
quartzite and granite 
pebbles and cobbles, 
poorly sorted, angular, 
unconsolidated; damp 

7 
/ 4  0-6.0 -Sample 
Recovered 2 0/2 01=100% 
SAND moderate yellowish 
brown (10YR 5 / 4 )  fine- 
grained sand and gray 
quartzite pebbles, poorly 
sorted, angular to 
subrounded, 
unconsolidated, damp. 

6 O-8.01-Sample 

CLAY moderate yellowish 
brown (10YR 5 / 4 )  clay and 
sandy clay with several 
granitic pebbles and 
cobbles, poorly sorted, 
angular, 
unconsolidated, damp 

/ Recovered 0 6/2 01=30% 

8.0-lO.O'-Sa1nple. 
Recovered 2.0/2.01=1009 
SAND pale yellowish 
brown (10YR 6/2) very 
fine-grained sand and 
clay, some granitic 
pebbles, poorly sorted, 
angular, unconsolidated, 

Remark8 Logged bv J Bergrnan 



Projoct: Rocky Flats Plant LOG OF BORING NO. 12-86 

Onto Dr111.d 9/6/86 Coordlnatoa N 39343.3 E 24790 5 
Boring Mothod bllm Stan Augr around Surfrco Elovatlon 5777.88 

Matorid Dorcrlotlon 

10 0-11 0'-Sample 
Recovered 1 0/1.0'=100% 
CLAY pale yellowish 
brown (10YR 6/2) clay with 
trace granitic pebbles 
poorly sorted, angular to 
rounded, unconsolidated, 
damp 

ARAPAHOE FORMATION 

11.0-12 0'-Sample 
Recovered 1 0/1 0'=100% 
CLAYSTONE pale yellowish 
brown (1OYR 6/2) and light 
brown ( 5 Y R  5/6), 
consolidated, weathered, 
dry 

12 0-14 0'-Sample 
Recovered 2 0/2 0'=100% 
CLAYSTONE dark yellowish 
brown (IOYR 4/2) with some 
moderate brown (5YR 4 / 4 )  
mottles, consolidated, 
dry 

14 0-16 0'-Sample 
Recovered 2 0/2.0'=100% 
CLAYSTONE dark yellowish 
brown (1OYR 4 / 2 )  and 
moderate yellowish brown, 
consolidated, dry. 

TOTAL DEPTH 16 0 '  

B&wr/ IncY 
20 40 m 

Romrrkr Loggedby J Bergpran 
~~ 

Projoct No. 
106p06222 

checked 

I Hydro-Search, Inc. Page 2 o f  2 I 



WELL 12-86 

W E L L  CONSTRUCTION SUMMARY I 

ELEVATION GROUND LEVEL z7 88 ' 
TOP OF CASING 5780 56 ' 

LOCATION or COORDS 
K 39343 3 E 24790 5 

CONSTRUCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 11 30' Hole 16.00' 
74" 

BOREHOLE DIAMETER 

START FINISH 
TASK 

T& 

I 500 

- 
- 
- - 

1600 

1730 
1740 
I505 

1735 
1655 

- 
- 
- 

DRILL1 NG 
7?' auger DRILLER Boyles Brothers Dril l ing Co 

15865 W 5th Avenue 
Golden, CO (Tony Robinson) 

RIG kker 

BIT(s) h1l nose b i t  
GEOPHYS. LOGGING 

CASING 
2" stainless  

DRILLING FLUID None - 
~ 

SURFACE CASING 5" x L' steel  w /  locking 
cap 

W E L L  DESIGN 

B A S I S  GEOLOGIC LOG GEOPrlYSICAL LOG - 

FILTER PtACEMENl 

C E  MEElTl NG 

CEVELCPMENT 

OTHER 
Bentonite 

- 
WELL DEVELOPMENT 

- - 
- - - -- --I-- - -  - -- 
CASING C I  2" I D Sch 5 tm 316 stain- 

less steel t h r e m  

See Well Developnt  Surmar)r Sneets 

SCREW S I  2" I D Sch 5 tw 316 stain- 
less steel, threaded and flush 

~d 0.010'' wire wrap screen 
0.25' TlPldPfl bttm rap- 

CENTRALIZERS -less 2% steel 
h 18' - 7 35' 

COMMENTS 

Water PnrQllllfPrPd a t  9.0' d- 
~ ~_______ 

TOD of s ta inless  steel casing 2 - 6 8 '  

~~~ ~ 

Cave from TD to 15 10' FILTER MATERIAL 32-42 silica sand 
2 40' - 11 50' 

CEMENT Portland T V D ~  I 

OTHER 3/8" bmtonrte n-llets 
2 00' - 2 40' 

11 30' - 1 1  50' 

CONS U LTI N G HY DR 0 LOG I STS - G EO LO G I STS 1 



I N D E X  OF D A T A  

Boring N o  13-86 

Completed as well? Yes 

Data i n  File 

X Log of Borehole 

X &ell Construction Summaries 

We 1 1  De v e lop men t Sum m a r i e s 

H y d r a 11 1 1  c Con d 11 c t 1 v i t v Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hvdiogiaph 
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Project Rockv Flats P l a n t  ILOG OF BORING NO. 13-86 

Date Drilled 8/20/86 Coordinate8 N 38867 0 E 22951.0 
Boring Method Hollaw Stem Auger Qround Surface Elevation 5837.22 - 
ilev. 
feet - VALLEY FILL ALLUVIUM 

O.O-2.5'-Sample 
Recovered 0 0/2 5'=0% 
COBBLES micaceous 
granite cobbles and 
pebbles, poorly sorted, 

F5-5.0 
onsoJ&lated. drv 

1 -Sample 
Recovered 0 0 / 2 . 5 * = 0 %  
CLAY dark yellowish 
brown (10YR 4/2), trace of 
sand and gravel, poorly 
sorted, unconsolidated, 
damp > 

5 0-8 0'-Sample 
Recovered 2.0/3 0167% 
CLAY dark yellowish 
brown (10YR 4/21 and dusky 
brown (5YR 2 / 2 )  silty, 
sandy clay, gray quartzite 
cobbles from 6 7-7 o m ,  

Recovered 0 5/1 0'50% 
GRAVEL moderate 
yellowish brown (1OYR 5/4) 
and medium light gray (N6) 
sandy gravel,  some silty 
clay: poorly sorted, 
unconsolidated; damp \ 

ARAPAHOE FORMATION 

9 0-13 O'-Sample 
Recovered 3 5/4 0'=75% 

9 0-10.1 ' CLAYSTONE 
light olive gray (5Y 6/1), 
consolidated, dry 

10.1-10 7' CLAYSTONE' 
grayish orange (1OYR 7/4) 
sandy claystone, 
consolidated, dry. 
10 7-13.0 ' CLAYSTONE 
light gray (N 7) silty 
claystone, consolidated, 
dry 

13 0-15.5'-Sample 
Recovered 2 5/2.5'=100% 
CLAYSTONE moderate 
yellowish brown (10YR 5/4) 
silty claystone with 
traces of limonite concre- 
tions, blocky texture, 

dry 
I 

TOTAL DEPTH- 15.5 ' 
Remark6 b a e d  bv L Pivonka 

en tration 
e 8% t anc e 
3kwd Inch) 

20 40 m 
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12 

14 

16 

18 

20 

WELL 1 3-86 

WELL CONSTRUCTION SUMMARY 
LOCATfON or CGQROS ELEVATION GROUND LEVEL 5837 22 ' 
N 38867.0 F 33951.0 TOPOF  CASING 5839 9 4 '  

DRILLING SUMMARY 

TOTAL DEPTH Well 9 50' Hole 15 50' 
BOREHOLE DIAMETER 74" 

DRILLER Bovles Brothers Drilline Co 
15865 W 5th Avenue 
Golden. CO (Jm Horn) 

RIG % b i l e  B-57 

BIT(S) Bull nose b l t  

DRILLING FLUID bone 

SURFACE  CASING,^" -- x 5' s t e e l  w /  locking 

.. 

WELL  DESIGN 

BASIS GEOLOGIC LOG x GEOPAYSICAL LOG __ 
C4SfNG STZINGW C =  CASING S=SCREEN 
000' 309'  - 
3 09'- 9 50' SI - - -&I-- - -  

CASING ci  2" I D Sch 5 tm 316 s t a i r  

SCREEN S I  2" I D Sch 5 type 316 s t a i r  
less s t e e l ,  threaded and f l u s h  

0 25' welded bottm cap 
0.010" nre wraD scrw 

CENTRALIZERS TF 304 s t a i n l e s s  stpel 

~ ~ 

FILTER tdATERICL IWo sand 
2 50' - 10 50' 

0 00' - 2 00' 

2 00' - 2 50' 

CEMENT Portland Tv~e I 

OTHER 3f8" bfSQRU&Jets 

I 
CONSTRUCTION TIME LOG I 

I 
I I START I F I N I S H  

I-1-1- --- 
GEOPWYS LOGGING - - 
CASING 

2'' s t a i n l e s s  8/20 1607 8/20 

I-I-/- 
8/20 XI8120 

8/20 1630 8/20 
- 913 - 1035 913 - 

8/20 1623 8/20 
1605 8/20 

- 

CE MEFlTlNG 

OTHER 
Bentonite 

WELL DEVELOPMENT 

u /  

1 
I 
I 

1340 
I 

1609 

I623 
164 I 
I035 

See Well Develomnt  Sumrarv Sheets 

COMMENTS 

red at 5.C' durinv d r i l l i n v  

TOD of s t a n l e s s  steel casmne 2 - 72 ' 
Cave frcxn TD to 14 50' 

CONS ULTl N G HY DR OLOG I STS - G EO LOG I STS 



I N D E X  OF D A T A  

Boring N o  14-86 

Completed as well? Yes 

Data 111 File 

x Log of Borehole 

x Well Construction Summaries 

Well Development Summaries 

Hydra 11 Iic Conduct I v 1 t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hvdi og: aph 

ORIGINAL PROCESS WASTF I INES CLOSURF CHARACTFRIZATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO APPENDIX A 



Projoct' Rockv Flats Plant ILOG OF BORING NO. 14-86 

Date Drllled S I  19/86, 8/28/86 Coordlnate8 N 38866.4 E 22737.6 
Boring Method Hollow Stem AugerINC Core Qround Surfaco Elevation 5844.71 

VALLEY FILL ALLWIUM 

0-0 9'-Sample 
Recovered 0 9/0 9'=100% 
CLAY dark gray (N 3) 
clay, some granitic 
gravel, blocky texture, 
poorly sorted, 
unconsolidated, dry 

0 9-4 7l-Sample 
Recovered 3 6/3.8'~95% 
CLAY dark yellowish 
brown (10YR 4/2) arld dusky 
yellowish brown (10YR 2/2) 
sandy, gravelly clay with 
some rounded gray 
quartzite cobbles, few 
iron stains, poorly 
sorted, unconsolidated, 
dry 

Material Description 

4 7-8.08-Sample. 
Recovered 3 3/3.3'=100% 
CLAY grayish brown (5YR 
3/2) silty clay, granitic 
gravel and cobbles from 
7 7-8 O s ,  trace of iron 
staining mottled through 
entire interval, dry 

8.0-10.5'-Sample 
Recovered 2.5/2.5'=1002 
CLAY dark yellowish 
brown (10YR 4/2) silty 
clay: some granitic 
pebbles and cobbles: trace 
iron staining. damp 

9om8rk8 Logged by L Pivonka & T Gulliver 

Den tratloi R e8?8t anc 
:Bbws/ Inch 

20 40 m 



LOG OF BORING NO. ii-86 Projoct Rocky Flats Plant 

Date Drllled a11wa6, 81za1a6 Coordinate8 N 38866.4 E 22737 6 
Boring Method Holla~ Stern AugerlK Core Qround Surfaco Elevation 5844.71 

ARAPAHOE FORMATION 

11.0-13 O'-Sample. 
Recovered 2.0/2.0'=1002 
CLAYSTONE moderate 
yellowish brown ( 1 0 Y R  5 / 4 )  
with light gray ( N - 7 )  
mottling, some iron 
staining and ironstone 
concretions, weathered, 
dry 

13 0-18 O'-Sample 
Recovered 5.0/5 0'=1002 
CLAYSTONE Same as above: 
dry 

tomark. beged bv L Pivonka & T Gulliver 

tB&wd Inc t 
20 40 

m 

Other 
Teats 

20 40 
1 1 1 1 1  

-. v * 

- 

1 
I I l I I l  

n I. - 
w 

Project No. 
106Po6222 Hydro-Search, Inc. Page 2 of d 

Project No. 
106Po6222 I Hydro-Search, Inc. I Page 2 o f  d 



LOG OF BORING NO. 14-86 Pr oject bckv Flats Plant 

Date Drllled 8/19/86, 8/28/86 Coordlnater N 38866 4 E 22737 6 
Boring Method l-bllm stan Auger/NC Core Qround Surface Elevatlon 5844.71 

23 0-23 3'-Sample. 
Recovered 0 3/0 3'=100% 
CLAYSTONE Same as above, 
dry 

23 3-25 5'-Sample 
Recovered 2.2/2.2'=100% 
CLAYSTONE medium dark 
gray ( N  4) claystone, 
blocky texture, no 
mottling: unweathered, 
dry 

25.5-28 0'-Sample 
Recovered 2 0/2.5'=80% 
CLAYSTONE Same as above, 
dry 

28.0-30 5'-Sample 
Recovered 2 1/2 5'=849 
CLAYSTONE. Same as above, 
dry 

bmarkr  Logged bv L Pivonka & T Gulliver 

Den tratioi R e r?r t an c 
: B W d  Inch 

20 40 m 20 40 m 

11111 

Other 
Tests 

Project No. 
106m222 1 Hydro-Search, Inc. I Page 3 o f  



Project. Rocky Flats Plant ILOG OF BORING NO. 14-86 

Date Drilled 8/19/86, 8/28/86 Coordinat@8 N 38866.4 E 22737 6 
Boring Method Hollow Stem AugerINC Core around Surface Elevation 5844.71 

Elev 
feet - Material De8cription Depth 

_ - _  
32.6-37.0'-Sample 
Recovered 4 4 /4  4'=100% 
RQD 4 4/4 4'=100% - 

37.0-42 3'-Sample 
Recovered 4 1/5 3=77% 
RQD 3 4/4 1'183% 

37 0-37 6' CLAYSTONE 
dark gray (N 3) , damp 

Remark8 

Pro Ject No. 
IMP06222 

Logged by L Pivonka & T Gulliver 

I Hydro-Search, Inc. I Page 4 of 



Projoct. Rocky Flats  Plant (LOG OF BORING NO. 14-86 

Date Drllled a m / & ,  a / 2 0 / ~  Coordinate8 N 38866.4 E 22737 6 
Borlng Method bllcw Stem Auger/NC Core Oround Surfaco Elevation 5F:4 71 

Ma teriri De8 crlp t ion 

41 6-42 3' CLAYSTONE 
black (N 1) , carbonaceous, 
damp 

4 2  3-46 5'-Sample 
Recovered 4 2/4 2'=f00% 
RQD 3 4/4 2'=81% 

light gray (N 7 ) ,  very 
fine-grained, moderately 
sorted, rounded, massive, 
damp 

4 2  3-44 2 '  SANDSTONE 

44.2-44.4' CLAYSTONE 
/greenish gray (5G 6/1), 

'light gray (N 71, very 

damp 

4 4  4 - 4 6 . 5 '  SANDSTONE 

fine-grained: moderately 
sorted, rounded, massive. 
damp 

46 5-51 5I-Sample 
Recovered 5 0/5 0'=100% 
RQD 3 6/5 0'=72% 

46 5-50 6' SANDSTONE 
light gray (N 7 1 ,  very 
fine-grained, silty, 
carbonaceous siltstone 
laminae, coal coated 
joints w i t h  40-50 degree 
dip from 47 5-48 O ' ,  
moderately sorted, damp 

Other 
Te8t8 

1 

i 
by L Piwnka & T Gulliver Pornark8 - checked by 

Hydro-Search, Inc. Page 5 o f  8 
Projoct No. 

106m222 - 



Project: Rocky Flats Plant ILOG OF BORING NO. 14-86 

Date Drlllod a /  19/86, ana186 Coordlnater N 38866 4 E 22737 6 
Boring Method Hollow Sten &germ Core around Surface Elovatlon 5844.71 

Depth Material Dorcrlptlon 

50 6-51 5' SANDSTONE 
light gray (N 7), very 
fine-grained, silty, 
abundant coal partings, 
moderately sorted, damp 

51 5-52.8I-Sample 
Recovered 1 3/1.3'=100% 
RQD 1 3/1 3'=100% 

51 5-52 2' SANDSTONE 
light gray (N 7) , vefY 
fine-grained, silty, some 
coal partings, moderately 
sorted, damp 

52 2-52 4' SANDSTONE 
light gray (N 7), fine- 
grained. abundant 
carbonaceous detritus, 
moderately sorted, damp 

52.4-52 8' SANDSTONE 
light gray (N 7), fine- 
grained, laminated, 
moderately sorted: 
subrounded, damp. 

52.8-56.3I-Sample 
Recovered 2 9/4.5'=62% 
RQD 1 8/2.9'=62% 

52 8-53 3' SILTSTONE 
dark gray (N 3) , clayey, 
venly laminated, damp 

I 

53 3-54 0'. CLAYSTONE 
grayish black (N 2), 0 10' 
thick sandstone beds from 
53.7-54 O n ,  damp 

54 0-55.0'. Lost core 

55.0-56.3' CLAYSTONE 
grayish black (N 2), 
silty; laminated, 15 
degree dip, damp 

56 3-60 9'-Sample 
Recovered 2.8/4 5'=62%. 
RQD 1.814 5'=40% 

dark gray (N 31, silty, 
laminated; damp. 

57.8-59.5' Lost core 

56.3-57 8' CLAYSTONE' 

- 
en t atlo L e 87th a nc 

Bkwd Inc t 
20 40 l - r r r  

Teats 

bmark8 ZDgged by L Piwnka & T Ollliver 

Projoct Wo. 
106po6222 Hydro-Search, Inc. Page 6 of 8 



Pro).ct. Rocky Flats Plant LOG OF BORING NO. 14-86 

Date Drllled 01 19/86, 8/28/86 Coordlnatea N 38866.4 E 22737.6 
Boring Method trollm Stan AugerN Core Ground Surface Elevation 5844.71 

Depth 
(feet) Ma tor la1 Deacript Ion 

lomarkr 

- 
laminated, 10 degree dip, 
damp 

60 9-65 9I-Sample 
Recovered 5 0/5 01=100% 
RQD 1 0/5.0'=20% 

60 9-63 2' SILTSTONE 
dark gray (N 3 ) ,  clayey, 
laminated. 10 degree dip, 
damp 

63 2-64.5' Lost core 

64 5-65 9' SILTSTONE 
grayish black (N 2) to 
light gray (N 71, clayey. 
very fine-grained, 
laminated, damp 

65 9-70 9I-Sample 
Recovered 5 0/5 ol=loo% 
RQD 3 6/5 0'=72% 
SILTSTONE grayish black 
(N 2) to light gray (N 7), 
clayey, very fine-grained, 
laminated, damp. 

p y t i a t l c  ea a anc 

(Bkwd lnc 
20 4( 

l 7 - I - r  

0 1  her 
Teat8 

_ _  Checked by 

Dro)ect Wo. 
106Po6222 I Hydro-Search, Inc. I Page 7 o f  8 



Projoct: Rocky Flats Plant ILOG OF BORING NO. 14-86 

Date Drillod a/ 19/86, 812am Coordhrt.0 N 38866 4 E 22737 6 
Boring Method W l c w  Stem AugerlNC Core Qround Burtaco Elovation 5844 71 

Matori81 008cri~tion 

70.9-74.5'-Sample. 
Recovered 3.6/3 6'=100% 
RQD 2 6/3 6'=72% 

70 9-71 6' SILTSTONE 

/71 6-74 0' CLAYSTONE 

Same as above, damp 

grayish black (N 2), 
silty, laminated. damp. 

74 0-74 5 '  Lost cor% 

TOTAL DEPTH 74.59 

om8rko ragged by L Pivonka C T. Glliver 

20 40 I 

' f 0 1. c t No. 
106P06222 - Hydro-Search, Inc. P-8 of 8 



aiwr pl 
Nc core 
Remng 

GEOPHYS LOGGING 

CASING 
5" steel 
2" stainless 

, 

8/19 1300 8/19 
--- 8/29 0838 8/29 
913 0900 913 

.L - 
8/19 1625 8/20 
9/3 1100 913 

--- 
- - 

80 

90 

,100 

FILTERP-ACEM 9/3 
913 

CEVELCPMENT - 915 

Bentonite 913 
9/3 

C E  MEFlfl NG 

OTHER 

14-86 WELL 

WELL CONSTRUCTION SUMMARY 
LOCATION Of COORDS ELEVATION GROUND LWEL 5844.71' 

1105 9/3 
1200 913 
- 1130 - 9/17 

1200 913 
0925 913 

--- 

N 38866 4 '  E ?7717.6 

Packer test p 912 ~ 1100 i 

TOPOF CASING 58hh. 7 3  ' 

912 

DRILLING SUMMARY 

TOTAL DEPTH Well 55 36' Hole 74 00' 
BOREHOLE DIAMETER O0' - 30 7?' 
30 50' - 74 00' 

DRILLER Bovles Brothers Drillinp Co 

4 3/4" 

15865 W 5th Avenue, Golden, CO 

- (Jm Horn, Paul Wiebe) 
e JU XJ' 

RIG 
0 00' - 30 SO' Blade bit, 30 00' - 

74 .00' -111. 3 3/4". T m  4 3/4" 
reamr 

DRILLING FLUID O0' - 30 None 
30.50' - 74 00' air/ water rms t 

SURFACE CASING 5" x 33 16 steel w/lockin, 

WELL DESIGN 

B A S I S  GEOLOGIC LOG 2 GEOPrlYSlCAL LOG - 
CPSING STRING(S) C -  CASING S -SCREEN 
0 00' 30.9' Cl - 
0 0 0 1  39 42' C2 - 

39.421 55 36' SI - 
- 
- -- --- ~- -- - -- 

- - - - - I -  -- 
CASING C I  5" I D steel sur- 

c2 2" I D Sch 5. tvDe 316 s t a i r  
less s teel. threaded and flush 

SCREEN SI 2" 1.D. Sch. 5 316 stam- 
less steel. thW& and fl- 
iointed. 0 010" wire wrap screen, 
0 25' welded bottm caD 

CENTRALIZERS T e  304 stainless steel 
46.79' - 48 02' 

FILTER tdATERI&L 32-42 S l l l C a  sand 38 15' - 
55 36', 16-20 slllca sand 55 36' - 56 85' 

CEMENT Portland 'IYW I 

OTHER 318" bentonite E l l e t s  
0 00' - 35 40' 

35 40' - 38.15' 
56 85' - 69 00' 

~~ 

I 

I 
CONSTRUCTION TIME LOG 

I START I FINISH 
TASK 

DRILLING 

8/20 1008 8/20 F I  I I 

1610 
1343 
0917 

1008 
1105 

I 

1200 1 

1230 I 
I I00 

1202 
I020 
1700 
1030 
- 

WELL DEVELOPMENT 

See W e l l  Dwelomnt Surmary Sheet 

COMMENTS 

No water encountered during dril l ing 

TOD of stainless steel casing 3 n7' 

Cave fran 'ID to 69 00' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 



INDEX OF DATA 

Boring N o  15-86 

Completed as well? Yes 

Data i n  File 

X Log of Borehole 

X Well Construction Summaries 

Well Development Summaries 

H y d ra 11 1 ic Con d 11 c t i v i t y Test Da t a 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hvdiogiaph 

ORIGINAI PROCFSS WASTF I TNES CLOSURF CIWRACTERIIATION REPORT 
a 

ROCK\ FLATS PLANT GOLDEN COLORADO APPENDIX A 



Rocky Flats Plant ILOG OF BORING NO. 15-86 Project 

q$pt 
20 40 

1 1 1 1 1  - 
1 

-.. - - - - 
-.. 

-. 

d - 
- - - 
-.. - 
- - 
-.. - - - - 
I 

- - - 
m 

-.I 

.I - - - 
-.. - 

1 1 1 1 1  

Checked by 
a 

Date Drllled 8/18/86 Coordinates N 38862.9 E 22711.3 
Boring Method Hollw Stem Auger Ground Surface Elevation 5845.61 

Other 
Tests Depth c f e e t > H  Material Deicription 

Project No. 
IMP06222 Hydro-Search, Inc. Page I of 2 

1 I I \  -1 I I ARAPAHOE FORMATION -m 

Remark8 Loeged bv L Pivonka 

bene tr a tior 
?eairtance 
Bbwd lnctt 

20 40 m 



Project Rocky Flats Plant [LOG OF BORING NO. 15-86 

Date Drllled 8/  18/86 Coordinate8 N 38862 9 E 22711 3 
Boring Method Hollow Stem Auger around Surf ace Elevation 5845.61 

Material De8cription 

12.5-13 0 I . CLAYSTONE. 
dark yellowish brown (10YR 
4/21, trace iron staining, 
weathered, moist 

13 0-15 5I-Sample 
Recovered 2.5/2 5'=100% 
CLAYSTONE light olive 
gray (5Y 6/1) and dusky 
yellowish brown (lOYR 
2/2), weathered, dry 

15 5-18 0'-Sample 
Recovered 2 5/2 5'=100% 
CLAYSTONE light olive 
gray (5Y 6 / 1 ) ,  trace iron 
staining, weathered, dry 

TOTAL DEPTH 1 8 . 0 '  

Remarks b e d  bv L Pivonka 

Den tratioi 
R e 8% t a nc t 
[Bbwd Inch 

20 40 
TrTT 

Checked b y .  

Project No. 
106m222 I Hydro-Search, Inc. Page 2 0 f 2  I 



WELL 15-86 

WELL CONSTRUCTION SUMMARY 
5845 61 '  

N 38862 9 E 22711.3 TOP OF CASING 5847 93 ' 
LOCATION Of COORDS ELEVATION GROUND LEVEL 

CONSlRUCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 14 69' Hole 18 00' 
BOREHOLE DIAMETER 7t ' '  

DRILLER Boyles Brothers Drillinp Co 
15865 W 5th Avenue 
Golden, CO (Juri Horn) 

RIG %bile B-57 

BIT(S) h11 nose blt 

DRILLING FLUID None .. 

SURFACE  CASING 5' steel w/ lockinn 

WELL DESIGN 

BASIS GEOLOGIC LOG GEOPrlYSICAL LOG - 
CC\SING STRING(SI C:CASING S=SCREEN  
0 0 0 '  4 0 9 '  CI - 
4 09L 14 69' S1 - 1 

START 

w =  
8/18 1405 

FINISH 
T A S K  - 

DRILL ING 
51 I pr - I705 - 

GEOPHYS LOGGING 

CASING 
2" stainless 8/18 1705 I 1707 

-I- 
FILTER PLACEMOJl 

C E  M E  FlTl NG 

f EVELC'PM ENT 

OTHER 

n 

8/18 1 1707 
8/18 1 1725 

1720 
'730 
loo0 t 5/18 1720 I 1722 

- 25 

- 30 

- 35 

, 

WELL DEVELOPMENT 

See Well Develomnt Surmary Sheet - - - - - I -  -- 
CASING C I  2" I D. Srh 5 t w  316 staln- 

less steel-threaded and flush 
1 o inted 

i 
C 
fi 

P 
(I 

?: 

Lr 
3 

- 
L 

c 

i P 

SCREEN S I  2" I D Sch 5 t p  316 stain- 
less steel. threaded and flush 
iointed. 0 010'' wire wraD s c r w  
0.25' wlded 50 ttan caD 

CENmAL IZERS  TW 3or( stainless steel 
8 34' - 9 52' 

FILTER MATERICL 12-20 sllica sand 
3 00' - 18 00' 

0 00' - 2 00' 
CEMENT Portland TW I 

OTHER 3/8 bont-11 ets  " 

COMMENTS 

Water encountered at 6 5' during drilling 

Top of stanless steel casing 2.37 '  

45 I 50 

2 00' - 3 00' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 



INDEX OF DATA 

Boring N o  16-86 

Completed as well? Yes 

D a t a  i n  File 

X Log of Borehole 

X Well Construction Summaries 

We 1 1  De ve lop men t S u m m a r res 

Hydraulic Conductivity Test  Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydiograph 

ORlGlNAl PROCESS WASTF L INES CLOSURF CHARACTERIZATION REPORT 
ROLKY FLATS PLANT GOLDEN COLORADO APPENDIX A 



Project P Q C ~  Flats Plant LOG OF BORING NO. 16-86 

Date Drllled 8/15/85, 8/25/86 Coordinated N 38759.9 E 22159 7 
Boring Method k d l ~  Stem Auger/NC Core around Surfaco Elevation 5864.74 

Material Dercription 

pebbles, poorly- sorted, 
unconsolidated, moist 

6.5-7 0'-Sample. 
Recovered 1 5/1.51=100% 
CLAY dark yellowish 
brown (10YR 4 / 2 ) ,  silty, 
trace iron staining, 
unconsolidated, damp 

ARAPAHOE FORMATION 

7 0-10 5I-Sample 
Recovered 3 5/3 5'=100% 
CLAYSTONE dark yellowish 
brown (10YR 4/2), silty 
trace iron staining, 
laminated, weathered, dry 

10.5-13.01-Sampie. 
Recovered 2.5/2.51=1002 
CLAYSTONE' dark yellowish 
brown (10YR 4/2); silty, 
trace iron staining; 
laminated, weathered, dry 

13 0-18 0'-Sample 
Recovered 4 0/5 Oi=8o% 
CLAYSTONE. dark yellowish 
brown (10YR 4 /2 ) .  silty, 
iron stained, laminated, 
weathered, dry. 

Rimark8 Logeed by L Pivonka ti T Gulliver 

- 
Den t atior R eda'; anc t 
t B b d  lnc ti 

20 40 
7-rrr 

I 

20 40 I 

Pro )ec t No. 
106Po6222 Hydro-Search, Inc. Page I of 4 



Project Rocky Flats P lant  (LOG OF BORING NO. 16-86 

Date Drilled 8/15/86, 8/25/86 Coordinate8 N 38759.9 E 22159 7 
Boring Method Holla~ Stem i\uger/K &re Qround Surfaco Elevatlon 5864 74 

Material De8crlptlon 

18 0-23 0'-Sample 
Recovered 4 3/5 01==86% 
CLAYSTONE medium gray ( N  
5), silty, laminated, 
unweathered, d r y  

23 0-26 O'-Sample 
Recovered 3 0/3 01=100% 
CLAYSTONE medium gray ( N  
5 ) ,  silty, trace iron 
staining, laminated, dry 

26 0-28 lI-Sample 
Recovered 2 1/2.1=U)O% 
RQD 1 9/2 l'=90% 
CLAYSTONE medium gray ( N  
4), carbonaceous laminae, 
some limonitic partings, 
damp 

28 1-32 8I-Sample 
Recovered 4 7/4 7'=100% 
RQD 4 7/4 7'=100% 
CLAYSTONE medium gray ( N  
4), carbonaceous laminae, 
some limonitic partings, 
damp 

32.8-34 O'-Sample 
Recovered 1 2 / 1  2'=100% 
RQD 1 2/1 2'=1009 
CLAYSTONE Same as above, 
damp 

34.0-39 O'-Sample 
Recovered 3 8/5.0'=76% 
RQD 3 4/3.8'=90% 

34 0-35 2 '  Lost core 

35.2-37 0' CLAYSTONE 
medium gray (N 4), 
carbonaceous laminae, some 
limonitic partings, damp 

37 0-39.0' CLAYSTONE 
Same as above, damp 

39 0-44.01-Sample 
Recovered 5 0/5 01=100% 
RQD 5 0/5 0'=100%. 

39 0-40 1' CLAYSTONE 
Same as above, damp 

Remark8 bmed by L Pivonka & T Gulliver 

- - - 
d - - - - 
d - - - - - - - - 
-. - - 
3 

3 - 
1 1 1 1 1  

- 
- Checked bv , 

ProJect No 
1 &Po6222 Hydro-Search, lnc. Page 2 of 4 



ProJoct Rocky Flats Plant ILOG OF BORING NO. 16-86 

Date Drilled 8/15/86, 8/25/86 Coordinate8 N 38759 9 E 22159 7 
Boring Method I-bllm Stem h g e r / K  Core Qround Surface Elevatlon 5864 74 

Material Deacriptlon 

40 1-41 4' SILTSTONE 

laminated; well sorted, 
damp 

41 4-41 9' SILTSTONE 
dark gray (N 3) , 

medlunl gray (N 4) ' 

~ - laminated, well sorted, 
\ damp 

41 9-43 8 '  SANDSTONE 
medium gray (N 5); very 

44 0-49 0'-Sample 
Recovered 5.0/5.0~=100$ 
RQD 4 5/5.0'=902. 

44.0-44.8 ' SILTSTONE' 
dark gray (N 3); clayey, 

dark gray (N 3) , 
laminated, damp 

-49 6 ' SILTSTONE 

areous, laminated, 
gray (N 3), slightly 

51 2-52.3' SILTSTONE' 
grayish black (N 2); 
clayey, laminated; damp 

dark gray (N 3) ; some very 
fine-grained sand (light 
gray (N 7) ) , convolute 
bedding, damp to moist. 

52.3-54.0' SILTSTONE' 

sen t atloi 
Re *?st anc d 
:BbwS/ Inch 

20 40 m 

Remark. Lo& by L Pivonka & T Gulliver Checked by -- . . - . . . -. . . - 

PI oject No 
106po6222 Hydro-Search, Inc. Page 3 o f  4 



Project Rocky Flats Plant (LOG OF BORING NO. 16-86 

Date Drilled 8/15/86, 8/25/86 Coordlnatea N 38759.9 E 22159.7 
Boring Method Hollow Stem Auger/NC Core Ground Surfaco Eievatlon 5864.74 

Material Dercriptlon 

54 0-54.5 ' CLAYSTONE 
medium dark gray (N 41, 
massive: damp 

dark gray (N 3) and very 
fine-grained light gray (N 
7) sandstone, even 
interlaminated, damp 

59 0-64.0'-Sample. 
Recovered 5 015  o'=ioo% 
RQD 2 5/5.0'=502. _. 

54 5-59.0' SILTSTONE: 

59.2-60 7 ' SILTSTONE 
medium gray (N 5), clayey: 
laminated, damp 

grayish black (N 2). 
laminated, damp 

61.4-64.0' CLAYSTONE 
medium gray (N 5), silty, 
laminated, damp 

rl 

60  7-61.4 ' CLAYSTONE 

TOTAL DEPTH 64.01 

* 

Rmmarkr Logged by L Pivonka & T Gulliver 

Project No. 
106Po6222 I Hydro-Search, Inc. I Page 4 of 4 



L 

6 
E 

E 
i 
t 

U 
L 
0 

0 

1986 
8/15 
8/25 
8/27 
- 

' 6  -L 
, 70 

R a I l M E  

1330 
0920 

-- 
-- 

1700 
- 

' 100 

I986 
8/15 
8/25 
8/27 
- 

WELL 16-86 

W r l M E  

1530 -- 
1200 -- 
1725 
- 

WELL CONSTRUCTION SUMMARY 

8/28 

LOCATION or COOROS ELEVATION GROUND LEVEL 5864.74 ' 
5866 60' h 38759 9 E 23159 7 TOPOF CASING 

8/180907 
1012 

DRILLING SUMMARY 

TOTAL DEPTH Well 45.06' bole 64 00' 
BOREHOLE DIAMETER O0' - 26 O0' 7y'  
26 00'-45 00' 4 3/4" 45 00'-64.00' 3 718 

DRILLER E ~ V l p s  b- 
15865 W 5th Avenue. Golden, CO 
J m  brne. Paul Wiebe 
R I G O  00'-26 00' b b i l e  B57. 26.00'44 00' 

0.00'-26.00' Blade bitrarLmg 

00'-&. 00 ' -de,. t r i c w  
/4 r e e r  Q.Wf-26.00' NQne DRILLING FLUID 

26.00'-64 00' wr/water mst 
SURFACE CASlNG5" X 28 55' Steel W/ lock- 

Inv rnn 
-I 

WELL DESIGN 

BASIS GEOLOGIC LOG GEOPHYSICAL LOG - 
CASING STRING(9 C:CASING S=SCREEN 

26 00' - 
0.00' - 39.06' c2 - 
39 06' - 45 06' SI - 
0 0 0 '  - 

8/18 
8/28 

CASING C I  5" 1.D steel surface casing 
~2 2" 1.D , Sch 5 ,  m 316 stait-r 

less steel, threaded and flush 
iointed 

SCREP( SI  2" 1.D , scfi 5. 316 stairt 
less steel, threaded and flush 
iomted. 0 010" wire wraD screer 
0 25' welded bottan cap 

CENTRALIZERS 
40 49' - 41 73' 

FILTER HATERICL 32-42 s l l l c  a sand 

 portland 1 
37.65' - 45.06' 

0 00' - 35.25' 
OTHER 3/8" bentonite pellets 

I l l 0  
1014 

35 25' - 37 65' 

8/28 
8/28 

LEVELCPMEM 

CE M EPm NG 

OTHER 
8/28 
8/28 I FILTER PLACE 

Bentonite 

45.06' - 47.15' 
10-20 silica sand 47.15' - 64 00' 

1018 -- 
I130 

9/2= 

1040 
0945 

-- -- 

CONSTRUCTION TIME LOG 
Im 

8/28 
8/28 
9/18 

8/28 
8/28 

TASK - 
DRILLING 

K core 
Reanlne 

7\11 a Q p r  

G E O P M S  LOGGING. 

CASING 
5" s t e l  
2" stamless 

1030 

1240 

1041 
0948 

-- 
1135 

-- 
-- 
-- 
8/27 
8/18 

1645 
0938 -- 

WELL DEVELOPMENT 

I- - 

COMMENTS- 

No water encountered during d r i l l i n g  

TOD of stamless steel casing 1-86 '  

K core 26 00' - 64 00' 

fran 26.00' - 45 00' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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ProJect Rockv Flats Plant ILOG OF BORING NO. 17-86 

Date Drilled 8/14/86 Coordinates N 38752.3 E 22141.7 
Boring Method H O ~ ~ C W  stem Auger Wound Surf ace Elevation 5865.26 - 

Elev 
feet - Material Dercription 

brown (10YR 2 / 2 ) ,  grmitic 
pebbles and cobbles 
interbedded with silty 
clay stringers, 
approximately 3% iron 
staining in gravel 
stringers, poorly sorted: 
unconsolidated, damp. 

5 0-8 0'-Sample. 
Recovered 3 0/3 0'=100% 
GRAVEL- dark yellowish 
brown (1OYR 4/2), 
interbedded granitic 
pebbles, sand, silt and 
clay, poorly sorted, 
subangular, wet. 

8 0-13 0'-Sample 
Recovered 2 0/5 .0 '=402 
8 0-12 5' GRAVEL dark 
yellowish brown (10YR 4 / 2 )  
and dark yellowish orange 

12.5-13 0'. CLAYSTONE 

13 0-16 O'-Sample. 
Recovered 2.8/3 0'=932. 
CLAYSTONE. Dusky 
yellowish brown (1OYR 2/2) 
and dark yellowish orange 

brown ( 1 O Y R  4 / 2 ) ,  109 iron 
staining. consolidated; 

ene tra t ion 
Ler18tance 
Blows/ Inch) 

20 40 -rrn- 

Project No. 
IMP06222 I Hydro-Search, Inc. I Page 1 of 1 



WELL 17-86 

WELL CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL 5865 2 6  ' 

5866 j5  ' TOP OF CASING 
LOCATION or COORDS 
i 38752 3 E 22141 7 

CONSIRUCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 13 98' Hole 19 20' 
START F I N I S H  

T A S K  - 
Dr\TE 
I986 

8/18 
- 
- 
- 

7\10 
BOREHOLE DIAMETER DnTE 

I986 

8/14 

- 

GRILLING 
$1' pr 

u 
I020 

- 

DRILLER h' Br co. 
15865 W 5 t h  Avenue 
Golden, CO (Jm Horn) 

Bull nose b i t  
RIG %bile B-57 

r i - 8/15 8/15 

8/15 
8/15 
9/22 

8/15 
8/  I5 - 

DRILLING FLUID Pane 

~ ~~ 

SURFACE CASING 2'' x 5 '  steel  w /  locking , ;In 
WELL DES IGN  

B A S I S  GEOLOGlC LOG GEOPrlYSICAL LOG - 
U S I N G  STRING(S) C s  CASING S S C R E E N  
0 00' 3 73' CI - 

~ ~ L i L ? C L  - - -- 
- - - -- - -- 

1056 
I 1  IO 
0920 

8/15 
8/15 
9/2 

8/15 
8/15 

FILTER P-ACEMEKI 

CE  MEPITI NG 

CEVELCPMENT 

OTHER 
Bentonite 

.20 

-25 

- 30 

.35 

- 40 

-4 5 

.50 

1 100 
io40 

WELL DEVELOPMENT 

See Well Developnt  Sunnary Sheet 

CASING C I  2" I D Sch 5 tw 316 stain- 
less steel-threaded and flusn 
1 o inted 

~ 

SCREEN S I  2" I D Sch 5 tw 316 stain- 
less s t ee l ,  threaded and flush 
iointed, 0 010" wire wraDwd 
screen, 0 25' welded bottom caD 

CENTRALIZERS T w  304 stainless steel 
7 971 - Q nsl 

COMMENTS 

Water encountered a t  4 8' durinp d r i l l i ng  

TOD of s ta inless  steel casing, 1.29 ' 

Cave from TD to 15 25' FILTER HATERICL sand 
2 50' - 14 00' 

0 00' - 2 00' 
CEMENT Port' and T w e  . . I 

OTHER 3/8" bentonite wll  e t s  
2 00' - 2 50' 

14 00' - 15.25' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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Project Rockv Flats Plant ILOG OF BORING NO. 1&86 

Date Drilled 8/21/86 to  8/22/86 Coordinate8 N 38532.4 E 22729.8 
Boring Method Hollm Stem Auger Ground Surf ace Elevation 5882.82 

Mat erid De8 cript ion 

ARTIFICAL FILL 

0-0 6I-Sample 
Recovered0 6/0 6'=100% 
GRAVEL pale yellowish 
brown (lOYR 6/2) , granite 
andquartzite sandy 
gravel, poorlysorted, 
unconsolidated.dry 

0 6 - 5  0'-Sample 
Recovered3 4/4 4'=77% 
CLAY moderateyellowish 
brown (lOYR 5/4) and dark 
yellowish brown (lOYR 
4/2) , s,lty, trace gray 
micaceousquartzite 
cobbles, poorlysorted, \ hard, damp 
5 0-8 0'-Sample 
Recovered0 0/3 O'=O% 

/ 
ARAPAHOEFORMATION 

8 0-10 5I-Sample 
Recovered2 5/2 5'=100% 
CLAYSTONE medium light 
gray (N 6) to grayish 
black (N 2 )  with dark 
yellowishorange (10YR 
6/6) mottling. sandy. 
sandyironstained 
intervals from 8 0-8 2 I 

and 9 5-10 3 ' ,  dry 

TOTALDEF'TH 10 5 '  

Remark8 Logged bv L Pivonka 

'en trattor R e 8% t an c e 
:Bbws/ lncY 

20 40 m 

\ \ -  

Page I of I Project No. 
IMP06222 I Hydro-Search, Inc. 



WELL 18-86 

WELL CONSTRUCTION SUMMARY 
LOC4TION or C O R D S  ELEVATION GROUND LEVEL 5 8 8 2  8 2 '  

E 2 7 7 3 9 . 8  TOP OF CASING 5 8 8 5  4 9 '  1 38532  4 

DRILLING SUMMARY CONSRUCTION TIME LOG 1 
FINISH - I 1  START 

I TOTAL DEPTH Well 7 50' Hole IO 50' 
BOREHOLE DIAMETER 7?' 

T A S K  - I 
I 

1023 

Dn_TE 
1986 

812 1 - 
- 

U E f l M E  
1986 1 DRILL ING 

-p' 
1 auwr - -- I @937 

DRILLER Boyles Brothers Dril l ing Co 
15865 W 5 t h  AvPnriP 

Golden. CO (Jm Horn) 
RIG kbbile B.57 

B~T ( S )  EL11 nose b i t  

- I -  - GEOPHYS LOGGING 

CASING 
2" stainless  8/26 

- 
0837 

DRILLING FLUID None 

SURFACE CASING 5'''~ 5 '  steel  w/ lockine ~ I FILTER P-ACEMEM 8/26 I 0837 

0/3 1015 
8/26 0842 

0840 
0846 
1015 

Lfl I 

CEMENTING 

CEVELCPMENT 
WELL DESIGN 

BASIS GEOLOGIC LOG X GEOP~YSICAL LOG - OTHER 
k n t o n i  te 8/26 0840 8/26 

8/26 0 8 3  8/26 
0842 
0835 

U S I N G  STillNGG) C -  CASING S=SCREEN 
0 00' 3 74 '  CI 
3 74'- 7 50' SI 

- - I -  
- 
- WELL DEVELOPMENT 

- - 
- - - -- --I---- - -- 
CASING C I  2" I D Scn 5 tm 316 stain- 

less stee1,Lhreaded and f lusn 

See Well D e v e l o m n t  Smnarv Sheet 

COMMENTS 

No water encount ered during d r i l l i n g  

FILTER IrlATERICL 32-42 s i l i c a  S a n d  

3 00' - 8 00' 

0 00' - 2 00' 

2 0 0 ' -  3 0 0 '  
8 00' - 10 50' 

CEMENT TVDe I 

OTHER 3/8" Bentonite Pel le ts  

CONSULTING HYDROLOGISTS - GEOLOGISTS 
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ILOG OF BORING NO. 19-86 
Project Rocky Flats Plant 

Date Drilled 9/11/86 Coordinate8 N 37941.8 E 20194 7 
Boring Method l-bllow Stem Auger around Surf ace Elevation 5931.22 - 

Elev 
feet 
7 

Material Dercriptlon 

0-4 5I-Sample Recovered 
3 8/4 5'=84% 

ray (5Y  3 / 2 )  , some 

6 5-11 5I-Sample 
Recovered1.0/5 01=20% 
GRAVEL Same as above, 
grayishblack(N2) from 
7 5-8 O n ,  wet. 

ARAPAHOE FORMATION 

- 
TOTAL DEPTH 16 5 - - - 

--. 

II 

20 - 

Remark8 Logeed by T firphv 

'en tratior 
3 ea% t a n c e 
BbwU IncW 

20 40 
7-n-r 

Checked by - 
Project NO. 

106po6222 H y dr o-Search, Inc. Page 1 of I 



w = w  
9/11 0907 9/11 

9/11 
9/11 
9/16 

9/11 
O/ll 

1155 I 9/11 
1450 9/11 --- -- 1340 9/17 

1340 9/11 --- 
1145 9/11 

WELL 19-86 

WELL CONSTRUCTION SUMMARY e 

a 

ELEVATION GROUND LEVEL 5931 77 ' 
TOPOF CASING 5932 08 '  

CONSTRUCTION TIME LOG 
START I FINISH 

LOCATION or COOROS 
h 37941 8 E 20194 7 

DRILLING SUMMARY 

TOTAL DEPTH Well I? 25' Hole 16 50' 
BOREHOLE DIAMETER 7?' 

TASK - 
1- 

IO5 1 
DRILL ING 

DRILLER Bovles Brothers Drilling Co 
15865 I.! 5th twenue 
Golden, CO (Da.v Jarvie) 

RIG J l e  B-57 
BIT(S) T5 

- I -  I -  - GEOPHYS LOGGING 

CASING 
2'' stainless 9/11 1 1150 1 9/11 I155 

DRILLING FLUID None 

SURFACE CASING 5" Y 4 '  st2el w /  locking 
an 

WELL DESIGN 

BASIS GEOLOGIC LOG 2 GEOPrlYSICAL LOG - 
USING STRINGIS) C= CASING S-SCREEN 
0 0' 3 0 0 '  CI - - -- --- 
300'--- - - -- 12 25' SI 1 

I336 
li.55 

FILTER P-ACEMOJl 

CEMENTING 

CEVELCPMENT 

OTHER 
Bentonite 

1435 

1342 
1150 

WELL DEVELOPMENT 

See Well Develourent Scprmarv Sheet 

COMMENTS 

Water e n c w ~ r e d  a t 7 5' during drilling 

pel casino 0.86' 

FILTER MATERICL 32-42 s l l lca  Sand 
2 50' - 12 50' 

CEMENT Portland TYW I 
0 00' - 2 IO' 

OTHER 3/8" bzntonite pellets 
2 10' - 2 50' 
17.50' - 16 50' 

HYDRO- s EARCH RENOODENVER 

18 

20 
~~ 

CONSULTING HYDROLOGISTS- GEOLOGISTS 
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ILOG OF BORING NO. 20-86 
Project Rocky Flats Plant 

Date Drilled 9/4/86 Coordinates N 38110.3 E 21253.7 
Boring Method Hollow Stem Auger Ground Surface Elevation 5960.47 

Depth (feetjw Material Dercription 
Bkwd lncq 

20 40 



[LOG OF BORING NO. 2 s 8 6  
Project- Rocky Flats Plant 

Date Drilled 9/4/86 Coordinate8 N 38110.3 E 21253.7 
Boring Method Hollow Stem Auger Ground Surface Elevation 5960.47 

Material De8cription 

1 4  8-17 5 '  CLAYSTONE 
g r e e n i s h g r a y  ( 5 G Y 6 / 1 ) t o  
dark g r a y  ( N  3 )  , some 
b l a c k  (N 1) o r g a n i c  
fragments, interbedded 
sand l a y e r s  c o n s i s t i n g  o f  
mediumto f ine-grained 
s a n d a n d s i l t y s a n d  w e l l  
s o r t e d ,  damp 

1 7  5-22 5'-Sample 
Recovered4 5/4 5'=100% 
CLAYSTONE medium 
brownish g r a y  ( 5 Y R  4 / 4 9  t o  
o l i v e g r a y  ( 5 Y  4 / 1 ) ,  
s i l t y ,  firm,damp 

T O T A L D E P T H  22 5 '  

Remark8 b E e d  by T b r @ y  

'en tratior R e ti78 t anc E 
:Blows/ lncY 

20 40 m 



c. 
V 
W 
3 
0 
U 
P 

TASK - 
DRILL1 NG 

7:" auger 

. 2  "L 
QAIE 
1986 

9 I4 

. 25 

' 30 

I35 

.40 

, 4 5  

50 

IW 
9 I4 

WELL 20-86 

TIME 

1530 -- 

WELL CONSTRUCTION SUMMARY 

GEOPHYS LOGGING 

CASING 
2'' stainless  

LOCATION or COORDS ELEVATION GROUND LEVEL 596r) 47 ' 
h 38110 3 E 21253 7 TOPOF CASING 5962  "' 

- 

9/4 

DRILLING SUMMARY 

TOTAL DEPTH Well IO 55' Hole 22 00' 

BOREHOLE DIAMETER 7?' 

0 00' 4 21 '  CI - -- 
4 2 1 ' -  IO 55' SI 

- - -- - - -- - - -- 
- - -- 
- - -- 
- - -- 

- - -- 
- - - -7 - - -- - - -- 
- - -- 
- - -- - - -- 

SCREEN SI 3" 1 . D -  Srh. 5 'IJpp 716 st- 
s tee l .  thw- 

loinred. 0 010'' wire w r a D  screep 
0 25' welded bottan cap 

CENTRALIZERS Tv~e 304 stainless  steel 

FILTER MATERICL 32-42 slLica sand 

CEMENT Portland T V D ~  I 

OTHER 3/8" bentonite E l l e t s  

3 0 0 '  - 11 00' 

0 00' - 2 00' 

2 00' - 3 00' 

CONSTRUCTION TIME LOG 
1 START 

I- 

I- 
FILTER PLACEMEN 

CE MEPITI NG 

CEVELCPMENT 

OTHER 
Sentonite 

- 
9 /4  

9/5 
9/  12 

9/4 
9/4 

1- 
WELL DEVELOP ME NT 

-- 
- I -  
-- 
-I- 

9/4 1730 
9/5 1033 
9/12 1307 

914 1731 
9/4 1720 - 
-- 
-- 

See Well Develomnt Scamran. Sheet 

COMMENTS 

No water encountered during dr i l l inP  

TOD of stainless steel casing 1 65'  

Cave franTD to 19.20' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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~~ 

Pro jec t  Rockv Flats Plant ILOG OF BORING NO. 21-86 
~ 

Date Drilled 11/10/86 - 11/14/86 Coordinates h 37909 8 E 19399 1 
Boring Method Fbllm Stem hFFr/K Core Ground Surface Elevation 5991 11' - 

Elev 
, feet  - Material  Description 

ROCKY FLATS ALLUVIUM 

0 O-4.O1-Sarnple 
Recovered 0 0/4.0 ' 1 0 %  
CLAY moderate brown 
(5YR 4/4), abundant sand, 
fine to coarse gravels and 
small cobbles, moist 

4.0-8.01-Sample 
Recovered 0.8/4 0'=20% 
CLAY moderate brown 
(5YR 4/4) to light brown 
(5YR 5 / 6 ) ,  fine to medium- 
grained sand, some medium 
to coarse gravel, trace of 
small cobbleo, moist 

8 0-10.5 ' -Sample 
Recovered 0 7/2.5'=282 
CLAY same as above with 
some dusky yellowish brown 
(10YR 2/2) top soil, 
disturbed: moist. 

10.5-13.01-Sample 
Recovered 0.8/2 5'=322 
CLAY. moderate brown 
(5YR 4/4) , sand, gravel 
and small cobbles: moist 

13.0-15.0'-SalDple. 
Recovered 0.7/2.0'=352. 
CLAY: same as above: moist. 

ARAPAHOE FORMATION 

15.0-20.5'-Sample. 
Recovered 4 5/5.5'=82%. 
CLAYSTONE' dark yellowish 
orange (1OYR 6 / 6 ) :  mica- 
ceous clay w i t h  trace of 
fine gravel and some sand- 
rich intervals, moist. 

Remarks  b w d  bv L Pivonka 

engtration 
tesistance 
3bws/Foot) 
20 40 

l-rrr 



ILOG OF BORING NO. 21-86 
Rocky Flats Plant 

Date Drilled I l/l0/86 - 11/14/86 Coordinates ?\ 37909 8 E 19399 1 
Boring Method Ground Surface Elevation 5991  1 1 1  k l l m  Stem -%er/NC Core - 

Elev 
feet - 

/ 

I 

Material  Description 

20 5-23.Ot-Sample 
Recovered 2 5/2 5'=100$ 
CLAYSTONE dark yellowish 
orange (10YR 6 / 6 ) ,  light 
olive gray (5Y 6/1) , 
greasy, micaceous, trace 
of fine-grained sand, 
moist. 

23 0-25 5'-Sample 
Recovered 2.0/2.5=802 
CLAYSTONE same as above 
except trace of rounded 
coarse white sandstone 
gravel and rounded quart;- 
ite gravel, moist 

25 5'-28.0'-Sample 
Recovered 2.1/2 5'=842 
CLAYSTONE: dark yellowish 
orange (10YR 6/6) to light 
olive gray (5Y 6/1) , 
greasy claystone with 
trace of some fine Band 
intermixod clay; moist. 

28 0-30.5'-Sampie. 
Recovered 2.1/2.5@=842 
CLAYSTONE- same as above: 
damp 

30.5-32.5'-Sample. 
Recovered 2 0/2.0'=1002 
SANDSTONE light olive 
gray (5Y 6/1): dark yellow- 
ish orange (1OYR 6/6) : some 
clay and trance of MnO 
partings; moist. 

32.5-35.Ot-Samp1e. 
Recovered 2.5/2.5'=1002. 
CLAYSTONE: dark yellowish 
orange (1OYR 6/6) to light 
olive gray ( 5 Y  6/1) : some 
fine-grained sand; inter- 
bedded, 30% sand: moist. 

35.0-40.0'-Sample. 
Recovered 5.0/5.0~=1002 
SANDSTONE: dark yellowlsh 
orange (1OYR 6/6) to light 
olive gray (5Y 6/1), clay 
bearing fine-grained; 
varying amounts of clay 
UD to 302: wet. 

Remarks Logged by L Pivonka 

'en tratton 
1 e s?s t a n c e 
Bbws/Foot) 

20 4 0  l7-n- 



- 
Elev 
, feet  - 

Boring Method I-blla~ Stem Auger/K Core Ground Surface Elevation 5991 11' 

q g n t  
20 4 0  

1 1 1 1 1  - - - - - - 
4 - - 
d - - 
- - - - - 
- 
- 
- 
d 

m - - - 
d - - 
- 
I - 
I 

d 

- - 
- - 
- 
- 

__ 

Depth Other 
Tests 

Remarks 

Project No 
106m222 

Material Description 

Hydro-Search, Inc. Page 3 of 4 

40 0-45 0'-Sample 
Recovered 5 0/5 0'=100% 
SANDSTONE medium dark 
gray (N 4/0), clay-rich, 
up to 352 clay, fine- 
grained, moist to wet 

45.0-50.0'-Sample 
Recovered 5.0/5 0 '=loo% 
SANDSTONE same as above 
but less clay (5 209), 
trace of organic carbon 
fossils; moist to wet 

50.0-55.0g-Sample 
Recovered 4.2/5 0'=84% 
SANDSTONE' medium dark 
gray (N 4/0) , fine-grained: 
159 clay/silt content, 
trace charcoal wood 
fossils: moist to wet 

55.0-60.08-Sample. 
Recovered 5.0/5.0'=1002 
SANDSTONE: same as above 
but more clay-rich 
(20-30%); moist to wet. 

Logged bv L Pivonka 

enelration 
lesistance 
B b w  s/F 000 
20 4 0  l-rm- 



LOG OF BORING NO. 21-86 ~ r o i e c t  bcky Flats P lant  

Date Drilled I1/10/86 - 11/14/86 Coordinates ?J 37909 8 E 19399 1 
Boring Method Hollow Stem Auger/NC Core Ground Surface Elevation 5 9 9 1  11' - 

Elev 
, feet  - 

Materiel Des crm t ion 

60.0-65.0'-Sample. 
Recovered 5.0/5 O'=100% 
SANDSTONE. medium dark 
gray (N 4/0), fine-grained 
with clay interlaminae: 
some CaC03 in the lower 
3.0 ' :  moist to wet 

65.0-67.0t-Sample. 
Rocovared 2.0/2.0'=100% 
SANDSTONE medium dark 
gray (N 4/0); fine-grained; 
increasing clay content 
downward to 50%;  a a y  at 
bottom (moist to wet). 

67.0-69.5'-Sample. 
Recovered 2.5/2.5'=100%. 
CLAYSTONE medium dark 
gray (N 4 / 0 ) ,  fine-grained 
sandstone interlaminae, 
some leaf fossils and 
trace grayish orange 
(1OYR 7/4) mottles: moist 
to wet 

69 5-73 0'-Sample 
Recovered 3.5/3 5'=100% 
SANDY CLAYSTONE medium 
dark gray (N 4/0): up to 
50% fine-grained sand 
intermixed; moist 

73.0-78.0'-Sample 
Recovered 5.0/5 0'=100%. 
CLAYSTONE: medium dark 
gray (N 4/0), some fine- 
grained sand: trace gray- 
ish orange (10YR 7/4) 
mottles; moist. 

TOTAL DEPTH. 78.0' 

Remarks Logged by L Pivonka 

en tratian 
I e s's t anc e 
3bws/Foot) 
20 40 rn 



L 

I986 
11/10 
11/13 
11/17 
- 

1 1 / 1 1  
11/18 

11/18 
-- 11/18 
1 Y 1 9  

11/18 
11/18 
11/17 

v w 
3 
0 
K 
Q 

w m  
1105 
1400 
1445 
- -- 

1416 -- 1053 

l a 7  
1253 
0920 

-- 

114.4 
1037 
1125 

C 

10 

2 0  

3 0  

DATE 
I986 

4 

T B  

8 0  

1 1 / 1 1  
11/14 
11/18 

90 

1414 
1150 
0943 

-- -- 

1 0 0  

1 1 / 1 1  
11/18 

WELL 

WELL CONSTRUCTION SUMMARY 

1453 

-- 0943 

LOCATION or COORDS 

1 >- 37909 8 I: 19399. 

11/25 

11/18 
11/18 
11/17 

ELEVATION GROUND LWEL 5991 
TOP OF CASING j993 2 1  ' 

0945 

1151 
1047 

-- 

1426 -- 

DRILLING SUMMARY 

TOTAL DEPTH Well 67 25' *le 78 00' 
BOREHOLE DIAMETER 0 00' - 30 50' 74" 
30 50' - 78 00' 4 3/4" 

DRILLER Bovles Brothers Drilling Co 
15865 W 5th Avenue 
Golden, CO (Jm Horn) 

RIG bbile B57 
BITE) fJ 00' - 30 50' B1-t 
30 x)' - 78 00' Coring b i t  

DRILLING FLUID 

~~~~ 

SURFACE CASING 5" x 31 53' steel w/ lock- 
inD ran  

WELL DESIGN 

BASIS GEOLOGIC LOG 2 GEOPHYSIML LOG __ 
USING STi)lNG(S) C: CASING S-SCREEN 
0 00' 29 93' CI - 
000'- 3500' Q - 

35 00'- 67 24' SI - 
- -- - -- 
- -- - -- 
- -- - -- 

- - - - -I-  -- 
CASING C I  5" I D steel surface ca~7no 

cz 2" I D sch 5 tyDe 316 stain- 
less steel. threaded and f lush  
iointed 

SCREEN SI 2" I D Sch 5 t m  316 stam- 
less steel, threaded and flush 
iornted. 0.010'' wlre wraDDed 
screen, 0.25' welded bottan cap 

CENTRALIZERS %II? 304 stamless steel 
49 84' - 51 06' 

~~ ~ 

OTHER 7/8" bnt-pts 
32 00' - 34 00' 
68 00' - 78 00' 

CON!TFlUCTION TIME LOG 

TASK - 
DRILL1 NC, 

K Core 
Rearung 
GEOPmS LOGGING 

CASING 
5" steel 
2" stainless 

FILTER P-ACEMPII 

CEMENTING 

CfVE LCPMENT 

OTHER 
Bentonite 

Packer Test- 

-- I 

FINISH - 

-I- 

-I- 

I 

WELL DEVELOPMENT 

t 

~ 

COMMENTS 

No water encountered during d r i l l u x  

HYDRO- SEARCH RENO.DENVER CONSULTING HYDROLOGISTS-GEOLOGIST: I 
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Project 
~~ 

Rocky Flats Plant lLoG OF BORING NO. 22-86 

Date Drilled 9/8/86 Coordinates N 37734 9 E 21307.7 
Boring Method Hollow Stem Auger Ground Surface Elevation 5976 -81 - 

:lev 
feet - 

3 0-5 O'-Sample 
Recovered 2 0/2 0 '=loo% 
GRAVEL dark reddish 
brown(lOYR3/4)to 
grayish olive (1OY 4 / 2 )  
granite and quartzite 
pebblesandcobbles. some 
sand, silt and clay, 
poor ly  s o r t e d ,  
unconsolidated. wet 

5 0-7 O'-Sample 
Recovered1 3/2 0'=65% 
GRAVEL pale olive (1OY 
3/2)graniticpebblesand 
coarseto fine-gralned 
sand. silty,traceclay, 
poorlysorted, calcareous, 
damp 

7 0-10 O'-Sample 
Recovered 0 6/3 0 ' = 2 0 8  
GRAVEL pale olive (1OY 
3/21 granitic pebbles and 
cobbles : some coarse to 
fine-grained sand and 
silt, traceclay,poorly 
sorted;angular, damp 

Remarks b a e d  bv T k r p h y  

'en tration 
3 e 8 s  t a nc e 
B k w d  lncw 

20 40 r rn-  

v 



Project Rocky Flats P lant  1LOG OF BORING NO. 22-86 

Date Drilled 9/8/86 Coordinate8 N 37734.9 E 21307 7 
Boring Method Hollcw Stem Auger Qround Surface Elevation 5976 81 

Material Descrbtion 

10 0-12.0'-Sample 
Recovered2 0/2 0'=100% 

10 0-11 0' GRAVEL Same 
as above, wet 

ARAPAHOE FORMATION 

11 0-12.0 ' SANDSTONE 
medium l i g h t  gray ( N  6) , 
mediumto fine-grained 
s i l t y  sand with some c l a y ,  
fewdarkyellowishorange 
(10YR 6/6) iron s t a i n i a g ,  
moderatelysorted, firm, 
moist 

12 0-14 0'-Sample 
Recovered2 0/2 0'=100% 
SANDSTONE medium l i g h t  
gray ( N  6) , medium t o  
fine-grained sand and 
s i l t y s a n d .  increasediron 
s t a i n i n g ,  c l a y e y  l a y e r s  a t  
12 9 and 1 3  4 ' ,  w e l l  
sorted,  f i n n , m o i s t  

1 4  0-16 O'-Sample 
Recovered2 0 / 2  0'=100% 
SANDSTONE medium l i g h t  
gray (N 6) , medium t o  
fine-grained sand and 
s i l t y  sandstone w i t h  
interbeddedclaystone, 
i n c r e a s e i n c l a y c o n t e n t ,  
s l i g h t l y c a l c a r e o u s  
f r a c t u r e s a t 1 4  4 ' ,  
moderatelysorted, firm, 
moist 

1 6  0-18 0'-Sample 
Recovered 2 0/2 0'=100% 
SANDSTONE medium 1 i g h t  
gray (N6) interbedded 
sandstoneandclaystone, 
i n c r e a s e i n d a r k y e l l o w i s h  
orangeironstaining(10YR 
6/61 , increase i n  c l a y  
:ontent, moderately 
:orted, firm; moist 

\ 
18.0-19.01-Sample. 
Recovered1.0/1 0'=100% 
CLAYSTONE greenishgray 
( 5GY 6/ 1) to medium 1 i g h t  
gray ( N  6) , w i t h  
interbeddedfine-grained, 
s i l t y , c l a y e y s a n d ,  firm, 
moist 

Remark8 b e e e d b v  T Mmhv 

'en tration 
I e 8% t a nce 
B W a /  IncW 

20 40 rn 
0 t her 
Tests 

20 40 I 



Project Rocky Flats Plant ILOG OF BORING NO. 22-86 
m 

Date Drilled 9/8/86 Coordinates N 37734 9 E 21307 7 
Boring Method I-bllow Stan Auger Qround Surface Elevation 5976 81 - 

Elev 
feet - 

1 9  0-21 O'-Sample 
Recovered2 0 / 2  01=100% 
CLAYSTONE Same a s  above,  
moist  

21 0-23 0'-Sample 
Recovered 2 0 / 2  0'=100% 
CLAYSTONE dark gray ( N  
4 ) t o g r e e n i s h g r a y  (5GY 
6/1) , w i t h  interbedded 
f i n e - g r a i n e d ,  c l a y e y  
sandstone,  some iron 
s t a i n i n g ,  f i r m , m o i s t  

2 3  0 - 2 4  0'-Sample 
Recovered1 0/1 0'=100% 
CLAYSTONE dark gray ( N  
4 ) t o g r e e n l s h g r a y  ( 5 G Y  
6 / 1 ) ,  withminor 
interbedded f ine-grained 
sandstone,  f i r m , m o i s t  

24 0-26 0'-Sample 
Recovered 2 0/2 0'=100% 
CLAYSTONE d a r k g r a y  ( N  
4 ) t o g r e e n i s h g r a y  (5GY 
6/1) , w i t h  interbedded 
fine-grainedmediumto 
dark g r a y  ( N  5 t o  N 6 )  
sandsstone,  firm. damp 

s e n  tratior 
Re a% t a n c e 

Chec 
- -  

106m222 Hydro-Search, Inc. Page 3 of 3 
Project No. 

I 

-I 



7 7-86 WELL 

WELL CONSTRUCTION SUMMARY 0 

5 

' 10 

15 

20 

' 25 

30 

35 

* 40 

45 

ELEVATION GROUNDLEVEL 5976 81 ' 
TOPOF CASJNG 5 9 7 8  05' 

LOCATION Or COORDS 
17 37734  9 E 21307 7 

DRILLING SUMMARY 

TOTAL DEPTH Well I 1  20' Hole 26 00' 

BOREHOLE DIAMETER 7\11 

CONSTRUCTION TIME LOG 
START 

P41ETlME 
I986 
918 lo00 -- 

FINISH 
TASK  - 

DRILLING 
7 L" aupe 1629 - DRILLER bvles  Brothers D r i l l i n g  Co 

15865 W 5 t h  Avenue 
Golden, CO (Dave Jarvie) 

RIG &bile B-57 
BlT(S) T5 

DRILLING FLUID %ne 

SURFACE CASING 5" x 4 ' steel w /  locking 
ran 

WELL DES IGN  

GEOPHYS LOGGING 

CASING 
2" stainless 

r 

1735 

-I- -- 
918 1738 

1 / 1 2  - -- 1 6 2 0  

1 / 8  1742 

918 1748 
I742 
1800 
1 3 4  

- FILTER PLACEMENT 

C E MENTI NG 

C EVELCPMENT 

OTHER 
Bentonite 

BASIS GEOLOGIC LOG x GEOPrtYSICAL LOG - 
USING STAING(S) C: CASING S=SCREEN 

0 CO' 
I748 
1725 - 918 1723 

-- =I= 
~ 

WELL DEVELOPMENT 

See Well Develornrent Surmarv Sheet 

COMMENTS 

Water encountered a~ 10 5' durine ori l l inv 

FILTER UATERICL 32-42 silica sand 

CEMENT Portland T w ~  I 

OTHER 3/8" bentonite w l l e t s  

2 50' - 1 1  40' 

0 00' - 2 00' 

2 00' - 2 50' 
I I  40' - 22 60' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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Boring N o  23-86 

Completed as well? Yes 
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X Log of Borehole 
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Well De velopm en t Sum mar i es 
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Saturated Thickness Hvdiogiaph 
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Project Rocky Flats Plant (LOG OF BORING NO. 23-86 

Date Drilled 9/11/86, 9/19/86, 9/22/86, 9/23/86Coordinater N 3 7 3 5 5  0 E 2 1 1 5 4  4 
Boring Method 

Depth 
(feet) $ 

tbllow Stem kger/NC core Qround Surface Elevation 5 9 P  1 18 

Material Debcri~tion 4 
0-2 5I-Sample Recovered 
1 5/2 5'=60% P a l e  
GRAVEL r e d d i s h  brown 
( 1 0 R  5/4) t o  l i g h t  o l i v e  
g r a y ( 5 Y 5 / 2 )  s a n d , s i l t  
a n d p e b b l e s .  some 

2 5-5 O'-Sample 
R e c o v e r e d 1  2/2 5'=48% 

p o o r l y s o r t e d ,  a n g u l a r ,  

5 0-7 0'-Sample 
Recovered0 7/2 01=35% 
GRAVEL- p a l e  o l i v e  ( 1 o Y  
6 / 2 ) g r a n i t e a n d q u a r t z i t e  
p e b b l e s ,  s o m e s a n d , t r a c e  
c l a y a n d s i l t ,  c a l c a r e o u s ,  
p o o r l y s o r t e d ,  compacted, 

7 O-9.5'-Sample 
Recovered1.7/2 5'=68% 

ARAPAHOE FORMATION 

8 2-9 5 '  CLAYSTONE 
p a l e o l i v e  ( 1 O Y  6 / 2 ) ,  
s i l t y ,  c a l c i t e a l o n g  
f r a c t u r e s a t 8  5 ' ,  9.0', 
and 9 . 5  , some dark 
y e l l o w i s h o r a n g e  ( 1 0 Y R  
6/6) s t a i n i n g ,  firm.damp 

9.5-12 0'-Sample 
Recovered2 5/2 5i=100% 
CLAYSTONE- y e l l o w i s h  g r a y  
t o  g r e e n i s h  g r a y  (5Y 7/2  
t o  5GY 6/11 , sandy and 
s i l t y  i n  upper 1 5 
i n c r e a s i n g  i n  c l a y  c o n t e n t  
w i t h  depth,  some dark 

.--- __- -  -1 -- - 
- - - - -  - - - 1 . - - - _  

. ----.  -- -- - - - -2 

.---_ - - - -  y e l l o w i s h o r a n g e  ( l O Y R  - - - - I  

. - e - ~  ---- 6/61 i r o n s t a i n i n g ,  

.---- ----: i r o n s t o n e a t  1 0 . 5 ' ,  
----. . - _ _  -- 
_ _ - _ .  . - - - -  and10 7 ' .  firm. damp 

.---- - - - -  

.---- 
---- c a l  careous l a y e r s  a t  9 5 I 

'en tration 
1 e 8% t a nc e 
B b w d  IncN 

20 40 rrrr 

Other 
Tests 

T 



Rocky Flats Plant ILOG OF BORING NO. 23-86 Project. 
~ ~ ~~ ~ 

Date Drilled 9/11/86, 9/19/86, 9/22/86, 9/23/86 Coordinate8 M 3 7 3 5 5  0 E 2 1 1 5 4  4 
Boring Method ~ ~ i i a ~  stan bger/K core Ground Surface Elevation 5 9 8 1 1 8  - 

Elev. 
,feet - 

12.0-17 0'-Sample 
Recovered5.0/5 0'=100% 
CLAYSTONE light olive 
gray (5Y 5/2) to olive 
gray (5Y 3/2), silty, 
calcareous layer at 13 5 I , 
fir& damp- 
17 0-22 0'-Sample 
Recovered5 O / S  0'=100% 
CLAYSTONE light olive 
gray (5Y 5 / 2 )  , silty, 
trace calcite at 18 1 I , 
trace dark yellowish 
orange (lOYR 6/6) iron 
staining, firm,damp 

22 0-27 0'-Sample 
Recovered5 0/5 0'=100% 
CLAYSTONE light olive 
gray to olive gray (5Y 5/2 
to 5Y 3 / 2 )  . silty, some 
dark yellowish orange 
(lOYR 6/6) iron staining, 
some black organic 
fragments, firm,damp 

27 0-32 0'-Sample 
Recovered5 0/5 0'=100% 
CLAYSTONE medium dark 
gray (N4), silty, firm, 
damp 

33.0-38 0'-Sample 
Recovered5.0/5 0'=100% 
RQD4 9/5.0'=98% 
CLAYSTONE dusky yellow 
(5Y 6/4) to light olive 
gray (5Y 5/2) tomedium 
lightgray (N5),trace 
silt: some organic 
fragments:darkyellowish 
orange (lOYR6/6)mottllng 
in light olive gray areas, 
noapparentfractures, 
moderately soft to firm, 
damp. 

38.0-40 9I-Sample 
Recovered2.0/2 9'=69% 
RQD 2 0/2.0 I -100%. 
CLAYSTONE medium light 
gray (NE.), ironstaining 
at 39 0 : subvertical 
fracture with iron 
staining from 39 0 '  to 
39.8 : core has a mottled 
appearencewithyellowish 
gray (5Y 8/11 stains 
throughout : f i r m  to 
moderatelysoft, damp 

~~ 

)en tratioi 
Re 8% t anc t 
IBbwd Inch 

20 40 
7117 



LOG OF BORING NO. 23-86 
Project Rocky Flats Plant 

Date Drilled 9/11/86, 9/19/86, 9/22/86, 9/23/86Coordinater N 3 7 3 5 5  0 E 2 11 5 4  4 

Boring Method HOL~OW stem Auger/m core Ground Surface Elevation 5 Q 8 1 18 - 
Elev 
,feel - 

- 

Material De8cription 

40 9-45 9'-Sample 
Recovered2.8/5.o1=56% 
RQD1 6/2 8'=57% 
CLAYSTONE olivegray (5Y 
4/1) , trace silt, some 
organicfragments; 
verticallimonitefilled 
fracture from 4 0 9 I to 
42 5',horizontallimonite 
filled fracture at 4 1 9 I , 
finntomoderatelysoft, 
damp 

45 9-50 9I-Sample 
Recovered4 8/5.0=96% 
RQD 4 2/4.8 '=86% 
45.9'-50.2' CLAYSTONE 
medium (N 5) to medium 
dark gray (N 4 ) Highly 
fracturedintervalwith 
limonite along fracture 
planes (2mmwide) from 
48 3'tO49.6', tOp4.0' 
of core has abundant 
organics (wood fragments) , 
f i n n ,  damp 

50 2'-50.9' CLAYSTONE' 
duskyyellow (5Y6/4) 

50 9-55.9'-sampie. 
Recovered4 0/5 0'=80% 
RQD2 6/4 0'=65% 50.9'- 
51.5 ' CLAYSTONE light 
olive gray (5Y 5/2) , heavy 
limonitealongfracture 
planes. 

medium dark gray (N 4 ) 
claystonewithinterbedded 
duskyyellow (5Y6/4) 
clayeysiltstone 

medium dark gray (N 4 ) , 
silty,occasional 
subverticalfracturewlth 
limonite stain (up to 
0 7'long) ; firm; damp. 

51.5'-52 6'. CLAYSTONE 

52 6'-55 9' CLAYSTONE 

55.9-60.9'-Sample 
Recovered3.8/4 6'=83% 
RQD 2.5/3 8 '=66% 
CLAYSTONE olivegray (5Y 
3/2) to medium dark gray 
(N 4) : silty; trace iron 
staining at top of core, 
f inn; damp 

- 
Den tratior 
R e 8% tan c e 
;Blows/ Incli 

20 40 
7 
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Project Rocky Flats Plant LOG OF BORING NO. 23-86 

Date Drilled 911 1/86, 9/19/86, 9/22/86, 9/23/86Coordinates N 3 7 3 5 5  0 E 2 11 5 4  4 
Boring Method Hollow Stan AugerINC core Oround Surface Elevation 5 98  1 18 - 

Elev. 
feet - 

Depth ( f e e t + z ! # w  

Remark8 

Material Description 

60 9-65.5'-Sample 
Recovered 4 6 / 4 . 6  J=lQQ% 
RQD4 3 / 4  6'=93%. 
SILTSTONE darkgray (N 
3 ) grading downward i n t o  
darkgreenishgray (5GY 
4/1) c l a y e y s i l t s t o n e ,  
some organic wood 

65 5-70 5I-Sample 
Recovered 5.0/5 0'=1000% 
R Q D 3  7 / 5  0*=74% 
SILTSTONE darkgreenish 
gray (5GY 4/1) , c l a y e y ,  
t r a c e  very fine-grained 
sand, dark gray ( N  3 )  
c l a y e y s i l t s t o n e  from 

l a y e r  a t  66 5 with s l i g h t  

( l O Y R  6/6) iron s t a i n s ,  

68 5 t o  7 0  5 I , calcareous 

fragments, firm; damp 

dark yellowish orange 

f inn, damp 

70 5-75 5I-Sample 

R Q D O  0/2 5'=0% 

sand, h i g h l y  fractured,  
some organic fragments i n  
v e r t i c a l f r a c t u r e s ,  
crumbly, damp 

R Q D 2  3/4 8'=48%. 
SILTSTONE' darkgreenish 
gray (5GY 4 / 1 )  , some c l a y  
andveryfine-grained 
sand; few organics : very 
paleorange ( 1 0 Y R 8 / 2 )  
calcareous c l a y  l a y e r  a t  
7 7  5 ' ,  firm; damp 



LOG OF BORING NO. 23-86 
Project. Rocky Flats Plant 

Date Drilled 9/11/86, 9/19/86, 9/22/86, 9/23/86Coordlnatea N 3 7 3 5 5 . 0 E 2 1 1 5  4 4 
Boring Method Hollaw Stem Auger/NC core Ground Surface Elevation 5 9 8 1 18 

Project No. 
106m222 H y dr o-Search, lnc. 

80 5-85 5'-~ample. 
Recovered4 6/5 0'==92$ 
RQD2 7/4 6'=59% 
SILTSTONE dark gray (N 
3) to dark greenish gray 
( 5 G Y 4 / 1 ) ,  interbedded 
0 1 I to 0 3 beds of sandy 
siltstone, convoluted 
beddinginplaces, 
occasionalclayey 
siltstone, firm. damp 

Page 5 of 7 

85 5-90 5'-Sample 
Recovered 5 0/5 O l = l ' O O %  
R Q D 1  4/5 0'=28% 
SILTSTONE dark gray (N 
3) to dark greenish gray 
( 5 G Y  4/1) , interbedded 
sandysiltstonebeds (0 5' 
thick, occasionalclayey 
siltstonelayers, organics 
throughout, calcareous 
concretions from 87.8 to 
88 4', firm, damp 

90.5-95.5'-Sample 
Recovered 5 0/5 09=100% 
R Q D I  2/5 0 ' = 2 4 %  
SILTSTONE dark gray (N 
3) , interbedded sandy 
siltstone and clayey 
siltstone beds, sand is 
very fine-grained, 
vertical fracture from 
92 5'-95 5'dueto 
drilling; crumbly, firm, 
damp 

95 5-100 5'-Sample 
Recovered 4 8/5 0'=96% 
RQD3 8/5 0'=76% 
SILTSTONE darkgray (N 
3 ) ,  tracevery 
fine-grainedsand 
throughout, someorganics, 
laminated, lightolive 
gray (5Y 6/1) mottling 
aroundorganicfragments, 
firm, damp 

l e i  tration 
I e s% t ance 
Blows/ tnch) 

20 40 
711r 



Ebcky Flats Plant ILOG OF BORING NO. 23-86 Project 

Date Drilled 911 1/86, 9/19/86, 9/22/86, 9/23/86 Coordinate8 N 37  355 0 E 2 1 154 4 
Boring Method Hollow Stem AugerIK core Qround Surface Elevation 5 9 8 1 1 8  - 

Elev. 
,feet - Material De8criotion 4 

1 0 0  5-105 5I-Sample 
Recovered5 0/5 0'=100% 
R Q D 2  1 / 5  0 ' = 4 2 %  
SILTSTONE dark g r a y  (N 
3 ) ,  sandy,  interbedded 
s i l t y  sandstone beds a t  
102 6 '  a n d l 0 3  8 '  
(approximately  0 4 
t h i c k )  Sandstone l a y e r s  
c o n s i s t  o f  mediumgray ( N  
5 )  v e r y  f ine-grained,  
s i l t y s a n d , m o d e r a t e l y  
s o r t e d ,  convolutedbedding 
c h a r a c t e r i s t i c  o f  
interbedded s i l t s t o n e a n d  
s a n d s t o n e l a y e r s ,  some 
c a l c a r e o u s c o n c r e t i o n s i n  
s a n d y s i l t s t o n e l a v e r s .  

1 \ abundant o r g a n i c s  f inn t o  
\,hard, damp 

105 5-110 5 I - S a m ~ l e  
Recovered 3 2/5 d'=64% 
R Q D 1  9/3 2'=59% 
SANDSTONE dark g r a y  (N 

s i l t y ,  c l a y e y ,  lower 1 2 
o f  c o r e  is  c l a y e y  
siltstone, s o f t t o f i r m .  

1 3 )  , v e r y  f ine-grained,  

i n c r e a s i n g s a n d c o n t e n t  

o c c a s i o n a l c l a y - f i l l e d  

a t e l y  s o r t e d :  f inn ,  damp 
1 1 5  5-120 5I-Sample 
Recovered5.0/5.0~-100% 

. 116 5' SANDSTONE 
medium g r a y  ( N  5 )  , f i n e  t o  
v e r y  f ine-grained,  

~ moderately s o r t e d ,  f inn.  - damp Gradationalchange 

' 

R Q D 4  0/5 0'=80% 1 1 5  5 ' -  

t o  s i l t s t o n e  a t  116 5 
116 5-120 5 ' .  SILTSTONE 
dark g r a y  (N 3 ) , v e r y  
f i n e - g r a i n e d ,  sandy,  some 
c l a y , w e l l s o r t e d ,  organic  
fragments i n s u b v e r t i c a l  
f r a c t u r e s a n d h o r i z o n t a l  
l a y e r s ,  s u b v e r t i c a l f r a c -  
t u r e s h a v e s l i c k e n s i d e s .  
f r a c t u r e s a r e l  O ' t o 1 . 5 '  

'en tration 
1 e& t ance 
Bbwd lnchl 

20 40 
7117 



LOG OF BORING NO. 23-86 
ProJect- Rocky Flats Plant 

Date Drilled 9/11/86, 9/19/86, 9/22/86, 9/23/86Coordinates N 3 7 3 5  5 0 E 2 1 154  4 
Boring Method b l l m  Stem Auger/NC core Qround Surface Elevation 5 9 8  1 18 

Material Description 

1 T O T A L D E P T H  130 5 '  

- 

120.5-125 5'-Sample 
Recovered5 0/5 Oo=1009 
RQD3 9/5 0 ' = 7 8 % .  
S I L T S T O N E  d a r k g r a y  (N 
3 )  t o  medium gray ( N  5 )  , 
c l a y e y ,  withinterbedded 
s a n d y s i l t s t o n e ,  s a n d i s  
f i n e t o v e r y  f ine-grained.  
m o d e r a t e l y s o r t e d ,  some 
o r g a n i c f r a g m e n t s ,  
s l i c k e n s i d e s a l o n g  
f r a c t u r e  planes 2 

1 2 5  5 - 1 3 0  5I-Sample 
Recovered 4 8/5 0'=96% 
R Q D 4  2 / 4  0 ' = 8 8 %  
S I L T S T O N E  darkgray (N 
3 )  tomediumgray ( N 5 ) ,  
c l a y e y ,  w i t h o c c a s i o n a l  
interbeddedsandy 
s i l t s t o n e ,  o c c a s i o n a l  
1 i g h t  brown ( 5YR 6/4 ) 
c a l c a r e o u s c o n c r e t i o n s ,  
m o d e r a t e l y s o r t e d ,  f i r m ,  
damp 

0 

- 
lene tra tior 
?eaistance 
Blows/ Incti 

20 40 
?-rrr 

Other 
Tests 

1 
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WELL 23-86 

WELL CONSTRUCTION SUMMARY 
LOCATION or COOROS 
h 37355 0 E 21154 4 

ELEVATION GROUND LEVEL 5981 l8  
TOPOF CASING 5981 g l '  

~~~ 

DRILLING SUMMARY 

TOTAL DEPTH Well 117 00' Hole 130 50' 
BOREHOLE DIAMETER 0 00' - 32 00' 
32 00' - 130 50' 5 5/8" 

7?' 

DRILLER Bovles Brothers Drilline Co 
15865 W 5th Avenue, Golden, CO 
(Dave Jarvie) 

RIG kbbile B57 

32 00' - 130 50' Carblde b i t  

DR ILL INGFLU IDo  O0' - 32 O0' 
32 00' - 130 50' air/water m i s t  
SURFACE CASING 5" x-22 50' steel w/  lock- 

BIT(s) 0 00' - 32 00' T5 

None- 

WELL DESIGN 

B A S I S  GEOLOGIC LOG GEOPriYSICAL LOG - 
USING STAINGfS) C= CASING S-SCREEN 

O O O ' - -  32 00' CI - 
113.00'117.25'SI - 

- -- - - 0 00'- 113 25' C2 
- -- 

CASING C I  5" I D steel surface casinp 
c2 2" I D Sch 5 type 316 stain- 

less steel ,  threaded and f lush  
iointed 

kss s--? ' ,  tmeaded and flush 
lointzr', C 0IO"wirewrap screen, 
0 25' welded bottan cap 

SCREEN SI  2" T 1) C C I  5 tyx 316 stain- 

CENTRALIZERS None (see cmnts) 

FILTER M4TERICL 32-42 s l l l ca  sand 
112 00' - 117 50' 

0.00' - 111.00' 

111 00' - 112.00' 
117 50' - 130 50' 

CEMENT P o r t W U  

OTHER ,-we t S  

CONSTRUCTION TIME LOG 

TASK - 
DRILLING 

7?' auger 
NC core 

Reanunv 
GEOPHYS LOGGING 

CASING 
5" steel 
2" stainless 

FILTER P-ACEMENI 

CE MENTI NG 

C EVELCPM ENT 

OTHER 
Bentoni te 

ntine 5" 
steel 

START  

QAIE 
1986 
a 
9/ 19 
9 126 
- - 
9/12 
9 126 

9/26 
9 /27 
IO/ 1 

9 I26 
9/26 
9/23 
9/12 

- 

- 

mE 
1500 
loo0 
1217 
- 
- 
- - 

1ooo 
1637 

I 738 - 
0830 
I200 

202 1 
1542 

1500 
I130 

- 

- - 

R A E  
I986 
911 1 
9 123 
9/26 

- 

- 

9/12 
9/26 

9/26 
9 127 
IO/ 1 

9 I26 
9 126 

9/12 

- 

- 
9/25 

- 

I FINISH 

T& 

1800 
I500 
154 1 

1115 1 
1650 

202 I 
1037 
1200 

2130 
1545 
1217 ' 

- 

I 
-1 

- - - 1225 I 
- I  

-~ ~ 

WELL DEVELOPMENT 

See Well Develomnt S m r y  Sheet 
, 

COMMENTS 

No water encountered durinp dril l ing 

TOO of stainless steel casing 0.73' 

Bu n t r  z r 

Protective casing and stainless steel 
casing were bent and had to be cut 
toD of stainless steel casing 0 08' 

; 
I 

New 

CONSULTING HYDROLOGISTS- GEOLOGISTS 
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[LOG OF BORING NO. 24-86 
Project- Rocky Flats Plant 

Date Drllled 9/12/86 Coordinate6 N 37354.8 E 21172.8 
Boring Method Hollow S:m Auger Ground Surface Elevation 5980.45 

Material De8cnpt ion 

ARTIFICIAL FILL 

0-2.5'-Sample Recovered 
2 0/2 5'=80% GRAVEL 
yellowishgray (5Y 7/2) to 
light olive gray (5Y 5/2) 
granitic pebbles and 
coarse sand, some silt, 
trace clay, base of sample 
is grayish brown (5YR 
3/2) , poorly sorted, soft, 
dry 

2 5-5 0'-Sample J 

Recovered0 9/2 5'=36% 
GRAVEL yellowish gray 
(5Y 7/2) to light olive 
gray (5Y 5/2) granite and 
quartzitepebbles, pale 
greenish yellow (1OY 8/2) 
sandy matrix, poorly 
sorted, angular, crumbly 
dry 

5 0-7 O'-Sample 
Recovered0 0/2 01=0% 
Largeboulderprevented 
samplerecovery 

7 0-12 0'-Sample 
Recovered5.0/5 0'=100% 

7 0-7 2 '  GRAVEL Same 
as above, dry 

ARAPAHOE FORHATION 

7 2-12 0' CLAYSTONE. 
pale olive (1OY 6/2) to 
greenish gray (5GY 6/1) , 
silty, some fine-grained 
sand and silty sand 
stringers at 7 8 I , sand is 
slightly calcareous, 
claystonecontainsdark 
yellowishorange (10YR 
6/6) iron staining; 
calcareouspocketsalong 
fracturesthroughout 
sample, firm, damp 

TOTALDEPTH 12 0 '  

'en tration 
3 e 8% t anc e 
BbWW lnchl 

20 40 -rrn- 



8 

12 

,14 

.16 

' 18 

.20 

24-86 WELL 

WELL CONSTRUCTION SUMMARY 
LOCATION or COORDS 
N 37354  8 E 21177 .8  

5 9 8 0  4 5 '  
5982 0 7 '  

ELEVATION GROUND LEVEL 
TOP OF CASJNG 

DRILLING SUMMARY 

TOTAL DEPTH Well 7 45'  Hole 12 00' 
BOREHOLE DIAMETER 

7\11 

~~ ~ 

DRILLER bvles Brothers D r u P  - Co. 
15865 W 5th A w e  
Golden. CO (Dave Jarvie) 

RIG M3bile E-57 
B IT61  T5 

DRILLING FLUID None 

SURFACE CASING 5" x 4 '  steel w/  lockinn 
C a D  

WELL DESIGN 

B4SIS GEOLOGIC LOG GEOPdYSICAL LOG - 
CASING STRING(S1 C: CASING S:SCREEN ,m 2.95'4- - 
2.95'-7.45'L - - -- - -- - - - -- - -- 

SCREEN S I  2" Z D Sch 5 tWe 316 s t a i r  
less steel ,  threaded and flush 
iointed 0 OlO'lwire w r a D  screen 
0 25' welded bottan cap 

C E m & ( Z E R S  TvOe 304 StalIlleSS Stee l  

~- ~ 

OTHER 318'' bentonite w k t s  * 
7.70' - 11 90' 

~~ ~ 

CONSIRUCTION TIME LOG 

TASK - 
DRILLING 

,$'I - 

GEOPHYS LOGGING 

CASING 
2" sm 

FILTER PLACEMEN7 

CEMEPlTlNG 

CEVELCPMENT 

OTHER 
Ben tom te 

START I FINISH 

9/1713209/121400 I l l  

9/13 1535 9/12 1526 I l l  
-1-1-1- 

1532 9/12 9/12 1535 
9/16 1650 9/16 1650 ---- 
9/12 1530 9/12 1532 

1520 9/12 9/12 1525 I-/ 1 
WELL DEVELOPMENT 

See Well Developrrent Surmary Sheet 

COM M ENT9 

No water encountered durlnv dril l ing 

TOD of stainless steel casinv 1 - 6 2 '  

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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Pro joct. Rocky Flats Plant ILOG OF BORING NO. 25-86 
I 

Coordlnater N 37426.3 E 21726.5 Date Drllkd 9/13/86 - 9/17/86 
Boring Method NC Core Wound Surfaco Elovatlon 5974.45 

Material Deacrlptlon Depth 

- 
0 

- 5  

- 10 

Romarka Logged by T Gulliver & T k q h y  

Jen R e s?s{ t atioi anc 4 

tBbwa/ Jnch 
20 40 rn 20 40 I 



Projoct: Rocky Flats Plant [LOG OF BORING NO. 25-86 

Date DMod 9/13/86 - 9/17/86 Coordlnater N 37426.3 E 21726.5 
Boring Mothod E core around Surface Elovetlon 5974.45 

Meterial be8crl~tion Depth 

20 0-22 0'-Cuttings 
CLAYSTONE- lightgraylsh 
brown (5YR6/1), firm, 
damp. 

22 0-37 0'-Cuttings 
CLAYSTONE lightgrayish 
brown (5YR6/1), silty, 
very wet (cored with 
water) 

37.0-41 6'-Sample 
Recovered0.0/4 6'=0$. 

Romarkr Lo& bv T Gulliver & T hrnhv 

~BbWd inct 
20 40 

1 1 1 1  

u 

Hydro-Search, Inc. Page 2 of 5 
Pro Joct No. 

l06Po6222 



Pro joct: Rocky Flats Plant ILOG OF BORING NO. 25-86 

Date Dr111od 9/13/86 - 9/17/86 Coordlnatoo N 37426.3 E 21726.5 
Borlng Mothod Nc Core Qround Surf aco Elovatlon 5974 45 

Material De8crlption 

41.6-46 6'-Sample 
R e c o v e r e d 5  0/5 0'=100% 
R Q D 3  0/5 0'=60% 
CLAYSTONE. l i g h t  o l i v e  
g r a y  ( 5 Y 5 / 2 ) t o o l i v e  
g r a y  (5Y 3 / 2 )  , l i g h t  brown 
t o  dark y e l l o w i s h  orange 
(lOYR6/6) i r o n s t a i n i n g ,  
t r a c e s i l t ,  i r o n s t o n e ,  
a l t e r e d c l a y s t o n e  
c o n c r e t i o n s f r o m  
46 0-46 6 ' ,  firm;damp 

46 6-51 6I-Sample 
R e c o v e r e d 5  0 / 5  0'=1002 
R Q D 3  6/5.0'=72% 
CLAYSTONE l i g h t  brown 
( l O Y R  6/6) g r a d i n g  t o  

medium dark g r a y  (N 4 ) , 
ironstonefrom46.6-47 O ' ,  
heavy i r o n  s t a i n i n g  a t  
48 0 ' : h i g h  a n g l e  
f r a c t u r e s w i t h c a l c i t e  
a l o n g f r a c t u r e p l a n e s ,  
f irm; m o i s t  

5 1  6-56 6'-Sample. 
R e c o v e r e d 5  0 / 5  O'=lOO% 
RQD4.3/5 O'=86% 
CLAYSTONE g r a y i s h b l a c k  
( N 2 )  t o d a r k g r a y  ( N 3 ) ,  
o c c a s i o n a l d a r k y e l l o w i s h  
orange (lOYR 6/6) i r o n  
s t a i n i n g ;  some c o a l y  
l a y e r s  and fragments ; 
f i r m ,  damp 

56.6-61.6'-Sample 
Recoverd5.5/5.O1=1O0% 
RQD 3 5/5.0'=57%. 
CLAYSTONE g r a y i s h b l a c k  
( N  2 )  : s i l t y ;  o r g a n i c  wood 
fragments,  f r a c t u r e s d u e  
t o d r i l l i n g ,  f irm: damp 

Other 
Test8 

Logged by T Gulliver & T &qhy bmarko ~. Checked by 

Pro Joot No. 
106FQ6222 - Hydro-Search, Inc. Page 3 of 5 



Projoct: bcky Flats Plant  LOG OF BORING NO. 25-86 

0.1. Drlllod 9 m i a 6  - 9117ia6 Coordlnatoa N 37426.3 E 21726.5 
Borlng Mothod core around Surfaco Elevation 5974.45 

Ma terid Dorcriotlon 

61.6-66 6I-Sample 
Recovered 4 0/5 0 I t 8 0 2  
R Q D 3  4 / 4  0*=92% 
CLAYSTONE l i g h t  o l i v e  
g r a y ( 5 Y 5 / 2 ) ,  s i l t y ,  
o c c a s i o n a l  v e r y  
f ine-gramedsandstone 
laminations a t  63 5 , c a l -  
careous a t  63 0 , hard,  
dry t o  damp 

66 6-71 6'-Sample 
Recovered5.0/5 0'=100$ 
RQD5 0/5 0'=100% 
CLAYSTONE g r a y i s h b l a c k  
( N  3 ) , t h i n  interbedded 
s i l t y  c l a y s t o n e  and c l a y e y  
s i l t s t o n e ,  h i g h l y  
fracturedwithnumerous 
subverticalsllckensides, 
crumbly t o  f irm,  damp. 

> 

7 1  6-74 0'-Sample 
Recovered 0 0/2 4 I=O% 

7 4  0-79 0'-Sample 
Recovered 5.0/5 0'=100% 
RQD4.2/5 0'=85% 
SANDSTONE dark g r e e n i s h  
gray (5GY 4/1), v e r y  
f i n e - g r a i n e d ; s i l t y ; s o m e  
c l a y ;  laminations o f  
s i l t s t o n e ,  convoluted 
bedding;moderately 
s o r t e d ;  firm; damp. 

79.0-81.11-Sample 
Recovered2 1/2.11=100% 
RQD1.3/2.11=62%. 
SANDSTONE. same as above,  
damp 

Romarka beeed bv T Ollliver ti T hrohv 

20 40 1 

11 1 1 1 1 1  

v 



LOG OF BORING NO. 25-86 Project: Rocky Flats Plant 

0.10 Drllled 9/13/86 - 9/17/86 COOrdlnatO8 N 37426.3 E 21726.5 
Borlng Mothod K Core Wound 8urtaco Elevation 5974 45 

Material De8cription 4 
8 1  1-82 6I-Sample 
Recovered 1 3 / 1  5'=87% 
R Q D O  6/1.3'=46% 
SANDSTONE Same a s  above, 
some black c o a l  lenses,  
f inn,  damp 

8 2  6-85 6I-Sample 
Recovered 3 0/3 2 '=94% 
R Q D 1 . 3 / 3  0 ' = 4 3 %  
SILTSTONE g r a y i s h b l a c k  
( N  3 )  , a l t e r n a t i n g  
laminatlonsofvery 
fine-grainedsandy 
s i l t s t o n e  and clayey 
s i l t s t o n e ,  very f me c o a l y  
l e n s e s ,  thinlybedded, 
someconvolutedbeddlng, 
f inn; dry t o  damp 

8 5 . 5 - 8 9  8'-Sample 
Recovered2 4/4 2'=57% 
RQDO 0/2 4 ' = 0 %  
SILTSTONE. Same a s  above, 
dry to damp 

TOTALDEPTH- 89.8' 

20 40 I 



-70 

so 

-90 

-100 

WELL CONSTRUCTION SUMMARY 
LOCATION or COORDS ELEVATION GROUND LEVEL 5974 4 5 '  
X 37426 3 E 21726 5 TOP OF CASING 5976 j5 ' 

DRILLING SUMMARY I CONSTRUCTION TIME LOG 
I 

TOTAL DEPTH Well 82 00' Hole 89 80' 
BOREHOLE DIAMETER 0 00' - 38 50' 
38 50' - 89 80' 

DRILLER byles Brothers Drilling, Co 

7:'' 
3 3/4" 

15865 W 5th Avenue 
Golden, CO (Dave Jarvie)  
b b i l e  B-57 RIG 

BIT(S) 
89 80' Carbide b i t  

DRILLING FLUID 0.00' - 38 50' 
- 89 80' air/water m i s t  
SURFACE CASING 5'' x 4 1 '  steel w /  lacking 

0 00' - 38 56' Blade b i t ,  38 56' - 

None.. 3 8.50' 

,-.-- 

I WELL DES IGN  

B A S I S  GEOLOGIC LOG x GEOPrlYSICAL LOG - 
CaSING STRING(S) C-CASING S -SCREEN 
0 00' 38 50' - 
0 00'- 59 90' c2 - 

.59.99'-82.oo'L - - -- 
-- 
- -- - -- 

T A S K  - 
DRILL ING 

7k'' auger 
NC core 
Rearmng 

GEOPHYS LOGGING 

CASING 
5" steel 
2" sra- 

FILTER P-ACEMENl 

C E  MEPITING 

CEVELCPMENT 

OTHER 
Bentonite 

Cemntinn 5" 
steel 

- - 
-, ---I-  -- 
CASING CI  5" I D steel surface casinp 

c2 2" I D Sch 5 tWe 316 stain- 
less steel. threaded and flush 

SCREEN SI 2" 1.D. s&. 5 t- 3 16 stain- 

less s teel. threaded and flush 
iointed. 0 0 IO" wire w r a D  screen, 
0 25' welded bottan caD 

Pd . 

CENTRALIZERS None (see 

FILTER HATERICL 32-42 sand 
66 IO' - 83 60' 

CEMENT Portland T v ~ e  I 
0 00' - 64 00' 

64 00' - 66 IO' 
83 60' - 84 60' 

OTHER 318'' bentonite pellets 

START I F I N I S H  ~- 
R A E  
1986 
8 126 
9/13 
9/17 
- 

8/27 
9/17 

9/17 
9/  I8 
9 130 

9/17 
9/17 
8/27 

DATE T m  
I986 

1401 8/27 1330 --- 

- I -  I -  

1537 9/17 1545 -I I 
0904 9/18 I010 
1430 1 1011 10945 

-I-I- 
1805 9/17 1816 
1505 9/17 1506 
1540 8/27 1606 

--- 
--- 
--- 

WELL DEVELOPMENT 

See Well Develownt Sumnary Sheet 

I No water encountered during d r i l l i ng  

I 

I TOD of s ta inless  steel casing 7 . 1 0 '  

I 

I cave fran to 84 60' 

I 

HYDRO-SEARCH RENWDENVER CONSULTING HY DROLOG I STS - GEOLOGISTS 
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ILOG OF BORING NO. 26-86 
Project Rocky Flats Plant 

Coordinate8 N 37425.8 E 21737.2 Date Drltled 8/22/86 

Materlal Dorcriotlon 

ARTIFICIAL FILL 

0-1 5'-Sarnple Recovered 
1 3 / 1  5'=87% GRAVEL 
l i g h t  brown (5YR 6 / 4 )  
g r a n i t e  and q u a r t z i t e  
p e b b l e s a n d c o b b l e s ,  
sandy,  p o o r l y s o r t e d ,  
a n g u l a r  t o  subangular,  
dry 

1.5-4 0 -Sample 
Recovered0/2 5'10% 

4 0-7 0'-Sample > 

Recovered 2 6/3 0 '=87% 

4 0-4 5 '  Sameasabove,  
dry  

~ 

4 5-7 0' SAND v e r y  
p a l e o r a n g e  ( l O Y R 8 / 2 ) t o  
g r a y i s h o r a n g e  ( l o Y R 7 / 4 ) ,  
v e r y  c o a r s e  t o  f i n e -  
g r a i n e d ,  some g r a n i t e  and 
q u a r t z i t e  pebbles  and 
c o b b l e s ,  s i l t y ,  grades 
i n t o  dark yellow orange 
(lOYR 6/6) sand a t  base of 
sample, beddingapparent 
due t o  s i z e v a r i a t i o n ,  
p o o r l y s o r t e d ,  subangular 
to a n g u l a r ,  damp 

I 

7 0-9 0'-Sample 
Recovered0 0/2 O'=O% 

9 0-12 0'-Sample 
Recovered3 0/3 0'=1009 

9 0-9 5 '  Sameasabove,  
damp 

ARAPAHOE FORMATION I I 9.5-12.0 ' CLAYSTONE- 
l i g h t  o l i v e  brown (5Y 
5 / 6 )  , some s i l t ,  t r a c e  
sand, sand l a y e r s  from 
10 4 - 1 0  7 ' a n d 1 1 . 4 - 1 1  6 ' ,  
sand is very p a l e  orange 
( l O Y R  8/2) , coarse-  
g r a i n e d ,  moderately 
s o r t e d ,  subangular,  t r a c e  
calcareouscement,  
unconsolidated,  s o f t , w e t ,  
c l a y  i s  firm. moist  

Romarkr Loeeedbv T M~ruhv 

'en tration 
3 e a?s t anc a 
Bbwd IncW 

20 40 -rrn- 

v 



Projoct: Rocky Flats Plant ILOG OF BORING NO. 26-86 
I 

Data Drilled 8/22/86 Coordinator N 37425.8 E 21737.2 
Boring Mothod Hollow Stan Auger Ground Surface Elovation 5974.48 

Matorial Dercriotlon 

12.0-17.0t-Sarnple 
Recovered 5 . 0 / 5 . 0  I =loo% .. 
CLAYSTONE medium dark 
g r a y  (N 4 )  w i t h  g r a y i s h  
orange ( l O Y R 7 / 4 )  a n d p a l e  
o l i v e  ( 1 0 Y R 6 / 2 ) m o t t l l n g ,  
some s i l t  w i t h  v e r y  
coarse-grainedsandlenses 
less than 0 2 t h i c k ,  
i r o n s t o n e  l a y e r  a t  
12.9-13 2 w i t h  c a l c a r e o u s  
cement, f irm.rnoist  

~ ~~ 

TOTALDEPTH 17 0 '  

Den tratlo R e s?8 t a nc 
(8bwd incl 

20 4a 20 40 I 



8/22 
9/12 

8/22 

WELL CONSTRUCTION 
LOCATION or COORDS 

X 3 7 4 2 5  8 E 7 1 7 1 7 .  3 

I 
I 

TOTAL DEPTH Well I I  OO' Hole 17 OO' 
BOREHOLE DIAMETER 

1607 I 8/22 151 I 
1415 91171 Ill0 ' 

--,- - 
---- 

1604 8/22 1602 

DRILLER bvles  Brothers Drilling Co 
15865 W 5th Avenue 
Golden, CO (Dave Jarvie) 

I1P B-57 

: DRILLING FLUID None. 
SURFACE  CAS ING 5" X 5 '  Steel W/ locking 

WELL D E S I G N  

BASIS GEOLOGIC LOG -x- GEOPrlYSICALLOG - 
CASING STRING(9 C- CASING S=SCREEN 

- - - - - --I---- -- - -- 
CASING C I  3" I D Sch 5 tvDe 316 stain- 

less  s teel .  threadod aid flush 
1 o in ted 

SCREEN SI  2" I D Sch 5 tm 316 stain- 

iointed. 0 010" wire wrap screer 
0 25' welded bottan cap 

CENTRALIZERS Ty~e 304 stainless  s teel  
6 80' - 8 00' 

FILTER tAATERICL 32-42 slllca sand 
3 10' - 12 20' 

CEMENT Portland T~pe I 

- 18 0 00' - 2 20' 

2 20' - 3 IO' 
12 20' - f5 50' 

OTHER 3/8" bentonite pellets 

WELL 16-86 

SUMMARY 
ELEVATION GROUND LEVEL 5 9 7 4  4 8  ' 

TOP OF CASING 4 9  ' 

C O N ! X R U C T I O N  TIME L O G  

TASK - 
DRILL1 N G  

]$rf  pr - 

GEOPHYS LOGGING 

CASING 
3'' stainless  

FILTER P,ACEMPT! 

C E  MENTI NG 

CEVELCPMENT 

OTHER 
Bentonite 

START 1 FINISH 

8/22 I 1555 1 8/22 1 1556 ---- 
---- I l l  

WELL D E V E L O P M E N T  I 
I 
I 
I 
I 

See Well Developnt  S m r y  Sheet 

I 

I 
1 
1 
I COMMENTS 

Water encountered at 9 4 6 ' ,  recorded I day 
a f t e r  well c m l e t e d  

TOD of stainless steel cas 2-01' 

C O N S  ULTI N G HY DROLOG I STS - GEOLOGISTS 
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x Well Con st r u c  t ion Summaries 

Well Development Summaries 

H y d r a 11 11 c Conduct i v i t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hvdi ogiaph 
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LOG OF BORING NO. 27-86 
Project: Rocky Flats Plant 

Date Drilled 8/29/86 and 9/12/86 to 9/18/86 Coordlnater 37794 1 E 22134.9 
Boring Mothod Hollow Stem Auger/NC Core Qround Surface Elevation 5961.86 

Material Dorcriptlon Depth 
en tretion 

Bbwd IncM 
20 40 

I 8 ti?a t a nc e 

m 



ILOG OF BORING NO. 27-86 

Date Drllled 8/29/86 and 9/12/86 to 9/18/86 Coordinate8 N 37794.1 E 22134.9 
Boring Method ~ 0 1 1 0 ~  Stem AugerfiC Core Qround Surface Elovation 5961.86 

I 

Materid De8ctiotlon 

2 8  5-33 5'-Sample 
Recovered2 0/5 0 ' = 4 0 %  
R Q D 1  5/2 0'=75% 
CLAYSTONE l i g h t  gray ( N  
7 )  a n d p a l e y e l l o w i s h  
brown ( l O Y R  6/2) : white  
c a l i c h e  a t  3 1 . 5  (0.25" 
t h i c k )  , s t r o n g  r e a c t i o n  
s t r o n g l y  w i t h  HCL, 
c o n s o l i d a t e d .  dry  

33.5-38.5I-Sample 
Recovered 2 1/5.0'=42% 
R Q D 2  1/2 1'=100% 
CLAYSTONE- dark y e l l o w i s h  
orange ( l O Y R  6/6) w i t h  
moderateyellowishbrown 
( 1 0 Y R 5 / 4 ) l i m o n i t e  
stains,gradesdownward 
i n t o  a p a l e  y e l l o w i s h  
brown (10YR6/2) s l i g h t l y  
s a n d y c l a y s t o n e ,  

Recovered 5 O/i.O'=100% 
CLAYSTONE l i g h t  g r a y  (N 
7 )  tomedium g r a y  ( N  5 )  
w i t h  dark y e l l o w i s h  orange 
( l O Y R  6/6) m o t t l i n g  A t  
1 5  5 ' grades i n t o  medium 
dark g r a y  (N 4 )  c l a y s t o n e ,  
unweathered, damp t o  wet 

1 7  0-22 0'-Sample 
Recovered5 0/5 0'=100% 

1 7  0-19 6 '  CLAYSTONE 
l i g h t  g r a y  ( N  7 )  to medlgm 
gray ( N  5 )  w i t h d a r k  
y e l l o w i s h o r a n g e  ( 1 0 Y R  
6 / 6 ) m o t t l e s ,  firm,damp 

19 6-22 0' CLAYSTONE 
p a l e o l i v e  (10YR6/2) 
c l a y s t o n e w i t h s l i g h t d a r k  
y e l l o w i s h o r a n g e  ( 1 0 Y R  
6/6) m o t t l i n g  a l o n g  
f r a c t u r e s ,  someironstone 
i n f r a c t u r e s ;  f i r m ,  damp 
2 3  0-28 5'-Sample 
Recovered3 5/5.0'=692 
RQD 2 9/3.5=87%. 
CLAYSTONE d a r k y e l l o w i s h  
orange ( 1 0 Y R  6/6) , sandy, 
grades downward i n t o  a 
d u s k y y e l l o w  (5Y 6/4) 
s a n d y c 1 a y s t o n e ; s e v e r a l  
patches of w h i t e  v e r y  
f i n e - g r a i n e d s a n d ,  
c o n s o l i d a t e d ,  dry  

Romarkr b g g e d  by T bmy & J Bereplan 

'en tratlon 
e d a  t anc a 

Bbwd IncN 
20 40 

Tn-r 



Pro Ject: Rocky Flats Plant  LOG OF BORING NO. 27-86 

Dnte Drllled 8/29/86 and 9/12/86 to 9/18/86 Coordlnate8 11 37794.1 E 22134.9 
Boring Method tbllow Stem AugerN Core around Surface Elovation 5961.86 

38 5-43.5I-Sample 
Recovered 3 6/5 0 =73 % 
RQD3 6/3 6'=100% 
CLAYSTONE light olive 
gray (5Y 5/2) : Some fine 
to very fine-grained sand, 
dark yellowish orange 
(lOYR 6/6) mottling, black 
organicfragments, few 
calichestringers, 
consolidated, dry 

43.5-47 5'-Sample 
Recovered 1 6/4 0'=40% 
RQDO 8/1 6'=50% 
CLAYSTONE. yellowish 
brown (10YR2/2)withsome 
moderateyellowishorange 
(10YR6/6) mottling, 
sandy, fewblackorganic 
fragments;consolidated, 
damp 

47.5-52 5'-Sample. 
Recovered5.0/5.01=100% 
RQD5 0/5 0'=1009 
CLAYSTONE olive gray (5Y 
3 / 2 ) ,  nomottling, 
homogenous, consolidated, 
dry 

52 5-57 5'-Sample 
Recovered 3 5/5 0'=70% 
RQD 2 5/3.5 '=71% 
CLAYSTONE- Same as above: 
dry 

57 5-62 5I-Sample 
Recovered5 0 / 5  0'=100% 
RQD5 0/5 0'=100% 
CLAYSTONE. olive gray (5Y 
3/2)withmoderate 
yellowishbrown (lOYR5/4) 
mottling; at 59 0' and 
59 5 hit a thin layer 
0 3' andO.l'thick, 
respectively, ofmoderate 
yellowishbrown (lOYR5/4) 
siltstonenodu1es;very 
fine-grained, dry 

Romnrka Lmzed by T b m h y  &. J BergZnan 

- 
'en tratlor 

B b w d  lncq 
20 40 

?*s?.t.nca 

rrn- 

Projoct No. 
I06Po6222 I Hydro-Search, Inc. P a g e 3 o f 8  I 



ILOG OF BORING NO. 27-86 
Project: k k y  Flats Plant 

Oat9 Drilled 8/29/86 and 9/12/86 to 9/18/86 COOrdlnatO8 I? 37794.1 E 22134.9 
Boring Method Hollcm Stem AugerINC Core Qround Surf ace Elevrtlon 5961 - 86 

Elev 
feel - 

62.5-67 5I-Sample 
Recovered5.0/5 0'=100% 
RQD5.0/5.O1=100%. 
CLAYSTONE- olive gray (5Y 
3/21 , sandy, several 
moderate yellowish brown 
(lOYR 5/4) siltstone a 

nod~lesat66.4~, 66 9 '  
and 67 0 I , each layer is 
less than 05 I wide; 
consolidated,moist 

67 5-72 5'-Sample 
Recovered5 0/5 01=100% 
RQD 5 0/5.0 '=loo% 
CLAYSTONE - olive gray (5Y 
3/2) : sandy: moderate 
yellowish brown (lOYR 5/4) 
siltstonenodules, 
consolidated,molst. 

72.5-77 5I-Sample. 
Recovered4 4/5.Oi=88% 
RQD4 4/4 4'=100% 
CLAYSTONE. olivegray (5Y 
3/21 , sandy: layer of 
moderateyellowishbrown 
(lOYR5/4) siltstone 
nodules 73. a , 
conso1idated;moist. 

77.5-82.5'-Sample. 
Recovered 4.5/5.0=90% 
RQD4.5/4.5'=100% 
CLAYSTONE' olivegray(5Y 
3/2), sandy: blackorganic 
fragments:consolidated, 

- 
sen tratloi R e a?* t anc 4 
: B b a /  Inch 

20 40 m 



project: Rocky Flats Plant 
I 

ILOG OF BORING NO. 27-86 

Date Drllled 8/29/86 and 9/12/86 to 9/18/86 Coordlnate8 N 37794.1 E 22134.9 
Borlng Mothod k l l m  Stem Auger/NC Core Qround Surface Elevation 5961 -86 

Mater181 De8cription 

mecked by 

Hydro-Search, Inc. P a g e 5 0 f 8  
Projoct No. 

106Po6222 



102 5-107 5-Sample 
Recovered3 8/5 01=76% 
R Q D 3  0/3 8 ~ 7 9 %  
SILTSTONE Same a s  above, 

107 5-110 5'-Sample a 

Recovered3 0 / 3  0'=100% 
R Q D 3  0/3 0'100% 
SILTSTONE Same a s  above, 

110 5-113.5'-Sample 
Recovered0.25/3.01=8% 
RQDO 0/0 2 5 ' 4 %  
SILTSTONE Same a s  above, 

Recovered2.2/4. 
R Q D 0 . 1 / 2  2'=5%. 
CLAYSTONE o l i v e g r a y  (5Y 
3 / 2 ) ,  silty, somevery 
fine-grainedsand,black 
organicfragments, 
homogenous, consolidated, 

117.0-122 O1-Sample 
Recovered 3 5 / 5 . 0 ' = 7 0 %  
RQD2 7/3 5'=77b. 
CLAYSTONE. o l i v e g r a y  (5Y 
3 / 2 ) ,  s i l t y ;  feworganics, 
homogenous ; damp 

*en tration s es?s t ance 

Projoct. bckv Flats Plant 

Date Drilled 8/29/86 and 9/12/86 to  9/18/86 Coordlnatea N 37794.1 E 22134 9 
Boring Mothod Hollow Stem Auger/NC Core Ground Surf ace Elovation 5961.86 

ILOG OF BORING NO. 27-86 

Other &pip Te8t8 
20 40 

1 1 1 1 1  - - 
-. 

.I - 
m - 
d - 
d - 
LI 

I - - - - 
- 
4 

I 

-. 
-. 

-. 
-.I 

I 

d 

.I 

d 

-.I 

m - - - 
'I - 
d - 

Ramark8 Logged by T Wqhy  & J Bergplan 

Projoct No. 
106-222 Hydro-Search, Inc. Page 6 of 8 

1 1 1 1  

u 



ILOG OF BORING NO. 27-86 
project: bcky Flats Plant 

Date Drilled 8/29/86 and 9/12/86 to 9/18/86 Coordlnate8 N 37794.1 E 22134.9 
Boring Method Hollow Stan Auger/NC Core Ground Surf ace Elevation 5961.86 - 

Elev 
feet - Material De8cript ion 

122 0-127 0'-Sample 
Recovered5 0/5 0'=100% 

CLAYSTONE olive gray (5Y 
3/2) , silty, some very 
fine-grainedsand, few 
organicfragments, 
homogenous, hard, dry 

127 0-132 0'-Sample 
Recovered5 0/5 0'=100% 
RQD5 0/5 O ' =  100% 

olive gray (5Y  3/2) , 
sandy, black organic 
fragments, homogeneous, 
consolidated, dry 

RQD5 0/5  0'100% 

127 0-129 0' CLAYSTONE 

129.0-132 0 ' SANDSTONE 
clay grades into light 
gray(N7) sandstone, 
silty, veryfine-grained, 
thin clay laminae, few 
organics, wellsorted, 
rounded, consolidated, 

132.0-137 0'-Sample 
Recovered 3 5/5 O'=70% 
RQD 2 3/3.5=66% 
132 0-133 9' SANDSTONE 
lightgray (N7), silty, 
veryfine-grained. very 
thinclaylaminae,well 
sorted, rounded, 
consolidated.dry 

dry 

133.9-137 0 .  CLAYSTONE 
gradesintoolivegray (5Y 
3/21 claystone; siltyand 
sandy, laminations in 
sandyinterva1s;no 
organics, consolidated, 
dry. 

137.0-142.0'-Sample 
Recovered 3 2/5 0'=64% 
RQD 2.2/3 2 '=69% 
CLAYSTONE olive gray (5Y 
3/2), light brown (5YR 
6/4)mottling:no 
organics, homogenous: 
slightly damp 

i 
-1 

Projoct No. 
106Po6222 I Hydro-Search, Inc. Page 7 of 8 I 



*Ill 

LOG OF BORING NO. 27-86 j Project. bcky Flats Plant 

Date Drllled 8/29/86 and 9/12/86 to 9/18/86 Coordinate. N 37794.1 E 22134.9 i 
Boring Method bllcm Stem Auger/% Core Ground Surf ace Elov8tion 5961.86 I - 

Elev 
,feel - 

142.0-147 O'-Sample 
Recovered5 0/5 O'=lOO% 
R O D 3  8/5 0 ' = 7 6 %  
CLAYSTONE o l i v e g r a y ( 5 Y  
3 / 2 )  ; s i l t y ;  somevery 
fine-gra1nedsand;grades 
downward i n t o  very 
fine-grainedgray(N7) 
sandstone, s i l t y ,  few 
organics,  laminated, w & l  
sorted, rounded, 
c o n s o l i d a t e d . d r y  

1 4 7  0-152 0'-Sample 
Recovered 5 0/5 0'=100% 
R Q D S  0/5  0'100% 
CLAYSTONE o l i v e  gray (5Y 
3 / 2 ) s i l t y c l a y s t o n e a n d  
p a l e  o l i v e  ( 1OY 6/2) very 
f i n e - g r a i n e d s i l t y  
sandstone, sandstone 
l a y e r s  are l e s s  than 0 1 
t h i c k . w e l l s o r t e d ,  few 
organics;2duskyyellow 
(5Y6/4) s i l t s t o n e p o c k e t s  
a t  1 4 8  0 ; sample e x h i b i t s  
increasedclaycontent 
withdepth, consolidated; 
hard, slightlydamp 

152.0-157.0'-Sample 
Recovered3 1/5.0'=62% 
RQD 0 8/3.1'=26% 
CLAYSTONE- a l t e r n a t l n g  
bands of o l i v e  gray (5Y 
3 / 2 )  claystone and very 
fine-grainedgray (N7) 
si1tysandstone;grades 
downward i n t o  o l i v e  gray 
(5Y3/2) s i l t y c l a y s t o n e ,  
p a l e  yellowish brown ( l O Y R  
6/21 s i l t s t o n e n o d u l e a t  
155 0' ; consolidated; 
s l i g h t l y  damp 

TOTAL DEPTH: 1 5 7 . 0  ' 

20 40 
1 1 1 1 1  

1 

3 

d 
Checked by 

Project No. 
Page 8 of 8 106po6222 H y dr o-Searc h, Inc . 



1986 
8/29 
9/11 
9/19 
- 

M I E T l M E  

0935 
1545 
0905 
- 

~ 

8/29 
9/22 

1300 
1110 

9/23 
9/30 

9/221140 
1820 -- 
1215 

9/22 1520 -- 
9/19)625 

WELL 27-86 

WELL CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL 5961 86 ' 

TOP OF CASING 5963 26 ' 
LOCATION Of COORDS 

N 37794  1 E 32134 9 

C O N S R U C T I O N  TIME LOG DRILLING S U M M A R Y  

TOTAL DEPTH Well 133 00' Hole 157 00' 
BOREHOLE DIAMETER 0 00' - 22 00' 
22 00' - 157 00' 5 5/8" 

DRILLER Bovles Brothers h i l l i n g  Co 

7?' 

15865 W 5th Avenue, Golden. CO 

F I N I S H  
TASK - 

DRILL ING 
5'' aiivw - 

NC core 
Remne 

GEOPHYS LOGGING 

CASING 
5" steel 
2" stainless 

T X  

I200 
1615 
094 5 
- - - - 
1330 
I I35 

I986 
8 I29 
9/17 
9/19 
- 

8 129 
I 9 122 

(Dave Jamie, Robert Roach) 
i l e  I+>/, LL W' - 

elT(s) 0 00' - 22 00' T5, 22 00' - 157 00' 
coring b i t ,  stone b i t ,  tricone 

DRILLING FLUID O 00' - 22 00' 
157 00' airlwater rmst 

SURFACE CAS ING ?'_'-?( 22 6 '  steel W/ lockiq 

none, 22 00'. 

~ 

I150 
0920 
09 12 

1620 
1700 

1400 

- 

9 133 
9 124 
IO! I 

9/22 
9/19 

8 I29 

- 

- 
- 

FILTER PLACEMfNl 

C E  MEEPlTl NG 

CEVELCPMENT 

OTHER 
Bentonite 

W E L L  D E S I G N  

B A S I S  GEOLOGIC LOG y GEOPriYSlCAL LOG - 
C4SING STRINGLS) C: CASING S=SCREEN 
0 0 0 '  21 0 0 ' C I  - 
0 00'- 128 50' C2 

128 50'- 133 00' S1 - 
- 
- 
- -- - -- P a c k e r g  

&rentin 5" * 
W E L L  D E V E L O P M E N T  

See Well Develonnent S m w  Sheet 

CASING C I  5" I.D. stpel sufacp r- 

c2 2" I D Sch 5 type 316 stain- 
less steel ,  threaded and f lush  
Jointed 

less steel ,  threaded and flush 
l o i t e d ,  0 0 10" wire wrap screen, 
0 25' welded bottan cap 

SCREEN s1 2" 1.D Sch. 5 tw 316 stain- 

CENTRALIZERS None 

c 
c 

J 
b 
J 

r 

- 
COMMENTS 

W atpr e n r o w r e d  at 8 0' durine dril l inp 

c 
0 u 

~ 

FILTER tIATERICL 32-42 SILica sand 

CEMENT Portland TVW I 

OTHER 3/8" bentonite pellets 

127 50' - 135 70' 

0 00' - 126 50' 

126 50' - 127 00' 
135 75' - 157 00' 

3 
0 
a 
n 

CONSULTI NG HY DROLOGl STS- G E O L O G I S T S  
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X Log of Borehole 

X Well Construction Summaries 

We 1 1  De velopmen t Summaries 
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ILOG OF BORING NO. 28-86 Project- Rocky Flats Plant 

Date Drllled 8/28/86 Coordlnate8 N 37816.2 E 22137.1 - 
Elev 
feet - Material Dercription 

ARTIFICIAL FILL 

0-1 O1-Sample 
Recovered0 8/1.01=80% 
GRAVEL g r a y i s h  orange 
pink ( 5 Y R  7/2 ) t o  very 
paleorange ( 1 0 Y R 8 / 2 )  
g r a n i t e ,  q u a r t z i t e  and 
sandstonepebbles, sandy, 
s i l t y ,  calcareous,poorly 
sorted,  subangular t o  
subrounded; 
unconsolidated,dry 

1 0-2 0'-Sample 
Recovered 0 O/ 1 0 I 50% 

2 0-4 O1-Sample 
Recovered1 5/2.0'=75% 
GRAVEL Same a s  above, 
t r a c e  s i l t  and very l i g h t  
gray ( N 8 )  sand.grayish 
orange (10YR7/4)gravel 
l a y e r  from 3 5-4 0 '  , 
calcareous,  poorly sorted,  
unconsolidated,dry 

4 0-5.5 -Sample 
R e ~ o v e r e d l . 5 / 1 . 5 ~ = l O O Z  
GRAVEL Same a s  above, 
t r a c e  s i l t  and very l i g h t  
gray ( N 8 )  sand, white (N 
9 )  f i n e  s i l t  l a y e r  a t  
4 9';calcareous:dusky 
yellowgreen (5GY5/2) 
f me-grained sand and s i l t  
layerfrom5.4-5 5 ' ,  
moderately sorted, 
unconsolidated.dry 

5.5-8.01-Sample 
Recovered0.0/2.5'=0Z 

Boring Mothod b i l m  Stem Auger around Surface Elevation 5961.23 

Hydro-Search, Inc. 

- 
'en tratlon 
8 mi?a t anc e 
BbwW IncW 

20 40 
7-rl-r 



- 

Probct: Rocky Flats Plant ILOG OF BORING NO. 28-86 

Date Drillod 8/28/06 
Boring Mothod bllow stan k g e r  

Coordln8ter N 37816.2 E 22137.1 
Ground Surface Elovation 5961.23 

Other  

poorlysorted,subangular 
t o  subrounded, 

ARAPAHOE FORMATION 

8 4-12 5 '  CLAYSTONE 
p a l e  o l i v e  (lOYR 6/2)  w i t h -  
dark yellowish orange 
(lOYR 6/6)  mottling,  t r a c e  
s i l t ,  t h i n  coarse sand 
lense a t  9 1-9 2', 
s l i g h t l y c a l c a r e o u s ,  
weathered, damp 

12.5-15 S'-Sample 
Recovered3 0/3.0'=100% 
CLAYSTONE pale o l i v e  
(lOYR 6 / 2 )  w i t h  dark 
yellowishorange ( 1 0 Y R  
6/6) mottles,  t r a c e  s i l t ,  
weathered, gradesdownward 
i n t o  brownish gray ( 5 Y R  
4/1)claystone,damp 

'on t mtloi 

Bbwd Inc ti 
20 40 

?e*?*\ 8°C 

m 

llrl 

20 40 f 

ProJoct 106E96222 No. Hydro-Search, Inc. Page 2 o f  2 



28-86 1 WELL 
. o  

' 2  

WELL CONSTRUCTION SUMMARY 
L0;A;ON;r COORDS 

3137.1  
ELEVATION GROUNDLEVEL 5961 23' 

5963 7 7 '  TOPOF CASING 

CON!S%UCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 8 60' Hole 15 50' 
0 

5' 
:t BOREHOLE DIAMETER 
I C  

5 .  
{ DRILLER Bovles Brothers Drilling Co 
C e .  15865 W 5th Avenue 

O( . Golden, CO (Dave Jarvie) 

74" 

b b i l e  B.57 

None 

START F I N I S H  
TASK - 

T M  

1230 - 
DPTE 
1986 

8 I29 

- 

8 129 - 

8/29 
8/29 
9/12 

8 /29 
8/29 

TlME 

1007 

- 
- 

I532 - 

I530 
1630 
1325 

- 

1615 
1515 
- 
- 

Dr\TE 
1986 

8 I29 - - - - - 
8 I29 - 

8 I29 
8/29 
9/ I8 

8/29 
8 /29 

- - 

- - 

GEOPHYS LOGGING 

CASING 
2" stainless 

FILTER P-ACEMENl 

C E  M ENTl NG 

C EVELCPM ENT 

OTHER 
Ekntonite 

0 
J 

r - 
J 

3 
r! - 

I532 

16 I5 
1632 
I300 

1630 
1530 - - 

WELL DEVELOPMENT 

~~ ~ ~ 

See Well Dwelormnt Sunnary Sheet 

COMMENTS 

No water en coyntered du rine dr i l l ine 

Top of stainless steel casing 2 54' 

frm TfI tn 15 IO' 

1 
- I6 

b- I ~ 

FILTER MATERICL 
2 70' - 9 70' 

CEMENT Portland T w  I 

32-4 2 s i l i ca  sand 

0 00' - 2 00' 

2 00' - 2 70' 
9 70' - 15 10' 

OTHER 318'' beQtonite w llets 

0 w 
0 
7 4  

a n 

- 18 
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Project. Rocky Flats Plant LOG OF BORING NO. 29-86 

Boring Method ~ o i i a ~  stan Auger 

Date Drilled 9/9/86 Coordlnater N 37610.3 E 22584.1 
Oround Surf ace Elevation 5958 - 26 

ROCKY FLATS AILINSUM 

0 0-2 O*-Sample 
Recovered0 5/2 01=25% 
GRAVEL g r a y i s h  brown 
(5YR 3/2) t o  dusky brown 
(5YR 2/2) g r a n i t e  and 
q u a r t z i t e  pebbles and 
c o b b l e s ,  sand and s i l t  
m a t r i x . b i m o d a l s o r t i n g .  
subangular, 
unconsolidated, l o o s e ,  
damp 

2 0-3 6I-Sample - 
Recovered1 6 / 1  6'=100% 
GRAVEL moderate brown 
( 5 Y R  4 / 4 )  g r a n i t e  and 
q u a r t z i t e  pebbles and 
c o b b l e s ,  sandy, s o m e s i l t ,  
p o o r l y s o r t e d ,  subangular, 
w e l l p a c k e d ,  damp 

3.6-6.5I-Sample. 
Recovered0.0/3 O'=O% 
C u t t i n g s .  GRAVEL l i g h t  
brown (5YR 5/6) g r a n i t e  
a n d q u a r t z i t e p e b b l e s a n d  
c o b b l e s ,  unconsolidated, 
dry 

6.5-7 5 '-Sample GRAVEL 
l i g h t  brown (5YR 6 /4 )  

Proloct No. 
106Po6222 1 Hydro-Search, Inc. 1 Page 1 o f 2  



[LOG OF BORING NO. 29-86 
Project bcky Flats Plant 

Date Drilled 9/9/86 Coordlnater N 37610.3 E 22584.1 
Borlng Method ~ 0 1 1 0 ~  Stem Auger Qround Surf ace Elovrtlon 5958 - 26 - 

Elev 
feel - Mater181 Dercri~tlon 

12 5-17 5I-Sample. 
Recovered5 0/5.0'=100% 
CLAYSTONE- p a l e  o l i v e  
( l O Y 6 / 2 ) w i t h d a r k  
y e l l o w i s h o r a n g e  ( 1 0 Y R  
6/6) m o t t l i n g ,  
f ine-grained to 
coarse-grainedsand 
s t r i n g e r s ,  o c c a s i o n a l  
c a l c i t e i n f r a c t u r e s  (dark 
y e l l o w i s h  orange l O Y R  
6/6) , 50% sand and 50% 
c l a y s t o n e ,  f inn, moist  

17 5-22.5'-Sample 
Recovered 2 0/5 0 ' = 4 0 %  
SANDSTONE dark y e l l o w i s h  
orange ( l O Y R  6/6) and 
l i g h t  g r a y  ( N  7 )  , s i l t y ,  
some c l a y ,  moist ,  s o f t  

-- 
TOTAL DEPTH 25.5 I 

)en ttatloi R e 8% t a nc 4 
: B h d  Inch 

20 40 m 



T 
i 
i 

1610 
1410 

1605 

. o  

. 5  

-1 0 

-1 5 

20 

25 

30 

35 

-40 

4 5  

50 

-- 
-- 9/9 

9/12 

919 

-- 
-- 
15409/9 

WELL EM6 

W E L L  CONSTRUCTION SUMMARY 
5958 26 '  LOCATION or COORDS ELEVATION GROUND LEVEL 

TOP OF CASING 5959 9 5  ' R 37610 3 E 12584 1 

DRILLING SUMMARY 

TOTAL DEPTH M1 8 77' Help. 7 3 ~ 5 0 '  
7t'' 

BOREHOLE DIAMETER 

DRILLER Bovles Brothers D r i l l i n P  Co 
15865 W 5th Avenue 
Golden, CO (Dave Jamie) 

RIG Pbbile B-57 

BlT(S) T5 

DRILLING FLUID None 

SURFACE CASING :5 x ' steel w/ locking 
D 

WELL DESIGN 

BAS I S  GEOLOGIC LOG 2 GEOPdYSICAL LOG __ 
US ING  STRINGK) C=CASlNG S-SCREEN 
0 00' 2 83' C I  
2 83'- 8 77' S1 

- - 1 - 

SCREEN s~ 2" I D Sch 5 t w e  316 stain- 
less steel.  threaded and flush 
iointed. 0 010" wire wrap screer 
0 25' welded bottan cap 

CENTRALIZERS T'JF 304 %&UkLStStPe1 

 portland T w e  I 

OTHER 3/8" benronite w l l e t s  
0 00' - 2 00' 

2 0 0 ' -  2 5 0 '  
9 10' - 20 30' 

CONSFIUCTION TIME LOG 

T A S K  - 

GEOPHYS LOGGING 

CASING 
2" stainless 

FILTER P-ACEMOJ 

C E  M EFlTl NG 

CEVELCPMENT 

OTHER 
Ben toni te 

START 1 FINISH 

DaTE 
1986 

9/9 

- 

9/9 

9 /9 

9/9 
9/12 

9/9 
9/9 

- 

I - T I M E  

14 IO 

I557 

I605 
1615 
14 10 

I510 

1yt2 

WELL DEVELOPMENT 

See We11 v r v  Sheet 

COMMENTS 

No water encountered during dr i l l ing ,  

TOP of stainless steel casing 1.69' 

Cave from TD to 20.30' 

HYDRO- SEARCH RENOODENVER CONSULTING HYDROLOGISTS-GEOLOGIST: 
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ILOG OF BORING NO. 30-86 
prolect: bckv Flats Plant 

Date Drilled 9/6/86 Coordinate8 N 38092.5 E 21819.6 
Boring Method Hollow Sten Auger around Surface Elevation 5956.21 - 

Elev. 
feet - Material Dencriptiart 

ARTIFICIAL FILL 

0 0-2 O1-Sample 
Recovered1 2/2 0'==60% 

granite and quartzite 
pebbles, sandy, silty, 

0.0-0 8 '  GRAVEL 

b o o r l y  sorted, wet 
0 8-2 0' CLAYSTONE 
dusky brown (5Y 2/2) and 
olive gray (5Y 3/2) , 
silty, moist to wet - 

ARAPAHOE FORMATION a 

2 0-4 O'-Sample 
RecoveredZ.O/Z 01=100% 
CLAYSTONE light olive 
gray (5Y5/2), somedark 
yellowishorange (10YR 
6/6) iron staining, 
slightlycalcareous. 
silty, firm,moist 

4.0-6 O'-Sample. 
Recovered 2 0/2. 01=100$ 
CLAYSTONE. light olive 
gray (5Y 5/2) , some dark 
yellowish orange (10YR 
6/6) iron staining; 
fragments of calcite, some 
light olive gray (5Y 5/2) 
f me-grained sand, soft to 
moderatelyfirm,moist 

6.0-11 O'-Sample 
Recovered 5.0/5 0'=100% 
CLAYSTONE 1 ight ol ive 
gray (5Y 5/2) , some dark 
yellowish orange (lOYR 
6/6) iron stains; calcite 
concretion at 6.3 : f inn,  
damp. 

Il.0-16.O1-Sample. 
Recovered5.0/5.0'=1009 
CLAYSTONE ol ivegray (5Y 
3/2) to olive brown (5Y 
4/4) ; firm, damp. 

TOTALDEPTH: 16 0' 

Gntra  t lor 

Bkwa/lnctt 
20 40 

3e*7st*nca 

m 

Project No. 
106w6222 Hydro-Search, Inc. . Page I of 1 



QmmEw 
1986 

916 1200 916 

9/6 
9/12 

--- 
9/616359/6 

1650 9/6 --- 
I010 9/19 

916 
916 

1641 916 
1625 916 

- 
- 0  

'2 

-1, 

-6 

-8 

10 

I 

42 

J4 
' 

WELL 30-86 

W E L L  CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL 5956 ' 

TOP OF CASING -1957 6 2 '  
- LOCATION or COORDS 

N 38092 5 E 21819 6 

CONSTRUCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 14 93' Hole 16 00' 
BOREHOLE DIAMETER ,?' 

START I FINISH 
TASK - 

DRILL1 NG 

- 1430 - DRILLER Bovles Brothers Drilling Co 
15865 W 5th Avenue 
Golden, CO (Dave Jarvie) 

RIG B-57 
BIT(S) bit 

GEOPHYS LOGGING 

CASING 
2" stainless 9/6 I 1630 1 9/6 1635 

DRILLING FLUID None 

SURFACE CASING 5; x - t '  steel W/ locking D 

WELL DES IGN  

B A S I S  GEOLOGIC LOG 2 GEOPrlYStCAL LOG - 
QSING STRINGIS) C=CASING S -SCREEN 
0 00' 2 48' CI 1 - 
2 481- 14 93' SI - - 

1650 
I700 
1030 

- FILTER P-ACEMENl 

C E  MENTI NG 

KEVELCPMENT 

OTHER 
Bentonice 1642 

I630 

WELL DEVELOPMENT 

- Q n t  Sunnanr sheet 

SCREEN S I  2" I D Sch 5 tm 316 stain- 
less s tee1 . threaded and f l u s h  

0 25' welded bottan cap 
5 C 

C E ~ I \ L I Z E R S  Tvw 304 stainless steel 

COMMENTS 

No water encountered du r i m  drrlline 

Top of stainless steel casing 1.41' 

Cave frm 'II) to 15.60' 

*18 

20 
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- 
Elev 
feel - 

ILOG OF BORING NO. 31-86 
Projoct bcky Flats Plant 

Date Drllled 9/2/86 Coordinate8 X38066 2 E 21661 8 
around Surfaco Elovatlon 

Other 
Matorlal 008crlptlon 

ARTIFICIAL FILL 

0-2.0 -Sample Recovered 
2 0/2.0'=100%. 
0-0 .9 '  SILTY GRAVEL. 
grayish brown (5YR 2/2) 
very fine-grained 
sand, silt and gravel, 
few roots: poorly sorted: 
angular: unconsolidated; 
dry* 

ARAPAHOE FORMATION 

0.9-2.0 ' * SAND: light 
gray (N 8/0) to dusky brown 
(5YR 3/2) medium to fine- 
grained: some clayey sand, 
moderately sorted: firm; 
apparent bedding from 
variation in clay fraction: 
alternating layers of sand 
and clayey sand: dark 
yellow stain (10YR 6 / 6 )  
increase in sand and silt 
percent from 1.5-2.0': 
firm: damp. . 

2.0-4.01-Sample 
Recovered 1.2/2 0'=60%. 
SAND' light gray (N 8/0)  
to grayish orange (lorn 
4 / 4 ) ;  medium-grained sand, 
some clay and silt: dark 
yellowish orange (1OYR 6/6) 
mottles: calcareous aand 
from 3 . 0 - 3 . 5 ' ;  firm: damp. 

4.0-7.0'-Sample. 
Recovered 3.0/3.0'-100%. 
SAND: grayiah orange 
( 1 O Y R  7 /4 )  i silty and 
clayey sand at 4.9 and 
6 . 2 ' ;  calcareous fracture 
at 6 . 8 ' :  medium to fine- 
grained; quartz 
predominates: ooft: damp. 



Pro joct : Rocky Flats Plant LOG OF BORING NO. 31-86 

0.10 DrUIod 9/2/86 Coordlnator N 38066 2 c 21661.8  

Ma torlal Dorcriotlon 

7.0-12.0'-Sample. 
Recovered 5.0/5.0'-1002. 
SAND. grayish orange 
(10YR 7/41, medium to fine- 
grained, moderately clean, 
some silt, slight color 
variation to pale oliv_e 
(10YR 6/2) with depth, 
soft: damp 

12.0-17.01-Sample. 
Recovered 4.0/5.0'=80%. 
12.0-14.9' SAND pale 
olive (1OYR 6/2) to grayish 
orange (1OYR 7 / 4 ) ;  medium 
to fine-grained; moderately 
clean; some silt; soft; 
damp. 

14.9-16.5' CLAYSTONE: 
grayish olive ( 1 O Y  9/2)i 
dark yellowish orange 
( 1 O Y R  6/6) mottles; 
occasional thin sand layers 
at 14.8 and 1 5 . 8 ' ;  slightly 
calcarmous, firm; damp. 

16.5-17.0 ' : CLAYSTONE : 
dark ol ive gray (5Y 3/2) ; 

fragments: firm: damp. 
'silty; black wood 

17.0-22.01-Sample. 
Recovered 5.0/5.0'-1002. 

dark olive gray (5Y 3/2) ;  
silty; black wood 
fragment.; firm; damp. 

17.2-17.7'* CLAYSTONE: 

17 -7-20 
olive ( 
orange 

1 . 0 ' :  SAND: pale 
1 O Y  6/2); yellowish 
(1OYR 6/6) mottles; 

some fine-grained .and; 
occasional .and lame. 
0.2' thick; eilty; firm; 
d m D  

Romarkr ' -by T. M q h y  



Material Description 

Pro joct: Rocky Flats Plant 

~ 

20.0-20.9 '  CLAYSTONE 
moderate yellowish brown 
(10YR 5 /4 )  to dark 
yellowish orange ( 1 O Y R  6 / 6 ) ,  
dark yellowish orange (10YR 
6/6) Stains; firm; damp. 

LOG OF BORING NO. 31-86 

20 9 - 2 2 . 0 '  CLAYSTONE. 
moderate yellowlsh brown 
(10YR 5 / 4 )  to dark 
yellowish orange (10YR 
6/61 : dark yellowish orange 
(1OYFt 6/6) stains, iron- 
stone; firm, damp 

- 

1 

w - - - - 
m 

w 

d - 
TOTAL DEPTH 22.0' 

- - - - - - - - 
d - 
-.I - - 
m - - - - 
m 

-. 
.I 

-. 

.I - - 
-. 

'en tratior 
3 o ti% t an c e 
Bbwdlncti 

20 40 
7-n-r 



WELL 3 1-86 

0 

5 

.IO 

-1 5 

.20 

25 

WELL CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL 5964 2 1 '  

TOPOF CASING 5966 67' 
LOCATION Or COORDS 
N '33Qf16.7 E ?1661.8 

CONSTRUCTION TIME LOG 
1 s r A R T  

DRILLING SUMMARY 

TOTAL DEPTH Well 17 32' Hole 22 00' 
BOREHOLE DIAMETER 7?' 

FINISH 
TASK - 

DRILL1 NG 

TlME 

1255 
~ ~ ~~ 

DRILLER Bovles Brothers Drilling Co 
15865 W 5th Avenue. Golden, CO 
Dave Jamie 
RIG Mobile E-57 

BlT(S) T-5 1450 I - 2" stainless 9/2 1445 I f  
DRILLING FLUID None I-I- -- 

912 1515 -- 

Bentonite 9/2 1510 
9/2 1430 

CE MENTI NG 

OTHER 

~ ~~ 

SURFACE CAS lNG5"  X 5'  Steel W/ locking 
C3D  

W E L L  D E S I G N .  

B A S I S  GEOLOGIC LOG GEOPrlYSlW LOG - 
C4SING STRING(S) C-  CASING S r SCREEN  

0 00' 2 46' C1 - 
2 46' - 17 32' SI - - -- - -- - - - -7 - -- 

1510 
1530 
1240 

1515 
1445 

l=l= 
W E L L  DEVELOPMENT 

See Well Dwelomnt Surmaq !Sheet - - - --I-  -- 
CASING C I  2'' I D , Sch 5 T w  316 stain- 

less stee1,threaded and flush 
jointed 

30 

.3 5 

40 

SCREEN SI 2" I D , Sch 5 T w  316 stain- 
less steel, threaded and flush 
lointed, 0 010'' wire wrap scree 
0 25' welded bottan cap 

CENTRALIZERS Tvw 304 stainless steel 
4 00' - 5 00 ' .  9 00' - IO 80' 

FILTER MATERIAL 32-42 sillca .%Ud 

2 40' - 18.30' 
CEMENT Portland TWE I 
0 00' - 1 80' 
OTHER 3/8" bentonite uellets 

I 80' - 2 40' 
18 30' - 22 00' 

COMMENTS- 

No water encountered durinz drilling 

Top of stainless steel casing 2 46 '  

-4 5 

-50 
CONSULTING HYDROLOG1 STS- GEOLOGISTS 
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Rocky Flats Plant ILOG OF BORING NO. 32-86 
Project. 

h 38065  7 E 21640 7 Oat e Drilled 9 13 /86, 9 122 /86-9 /25/86 
Boring Method HOI~OW stem h g r / a  Cor- Oround Surface Elevation 5964 46 '  - 

Eiev 
feet - Material Description 

ARTIFICIAL FILL 

D-2.0t-Sample. Recovered 
2.0/2.0'=1002. 

0 - 0 . 8 '  TOP SOIL dark 
yellowish brown (1OYR 4/2); 
unconsolidated, dry. 

ARAPAHOE FORMATION 

0 8-2 0' SANDSTONE. righi 
gray (N 7), medium to fine. 
grained; mostly fine- 
grained sand and silt, 
slightly calcareous, 
massive; no apparent 
bedding; well sorted: firm 
dry. 

2.0-4.08-Sample. 
Recovered 2.0/2.0'=1002. 
SANDSTONE: light gray 
(N 7 ) ;  dark yellowish 
orange (1OYR 6 / 6 )  stains: 
increase in silt content: 
soft: well sorted: dry. 

4.0-7.01-Sample. 
Recovered 3.0/3 .0°=1002 
SANDSTONE: light gray 
(N 7) with dark yellowish 
orange (1OYR 6 / 6 )  mottling 
increased clay and silt at 
4.8' to 6 . 3 ' ;  bedding 0.05 
thick, apparent bedding 
from variations in 
staining; leaf imprints: 
very slightly calcareous 
along fractures; soft: 
damp. 

7.0712.0°-Sample. 
Recovered 5.0/5.Oo=1005. 
SANDSTONE: medium light 
gray (N 6) to medium dark 
gray (N 4) : fine to very 
fine-grained; silty with 
some clay, dark yellowish 
orange (1OYR 6 / 6 )  stains, 
clayey sand layers 
alternate with mand layers 
0.5-0.8' thick; soft: damp 

Remarks Lozed bv T brohv & J B e r m  

'en tration 
t e 878 t a nc e 
Blows/ Inch) 

20 40 rrrr 

I 



Project Rockv Flats Plant ILOG OF BORING NO. 32-86 

N 38065.7 E 21640 7 Oat e Drilled 9 13/86, 9 /22/86-9 I25186 
Boring Method Hollow stem tuger/NC Core Qround Surface Elevation 596~, .~ ,6 '  

12 0- 17.0 I- Sample. 
5.0/5.01=1002 

a. ....a- -I.-_ - medium l i g h t  gray (N 6) t o  

Fine t o  very  F ine-grained: 
s i l t y  w i t h  some c l a y ,  dark 

stains;  s o f t ;  damp. 

I 
g r a y  ( N  2 )  and p a l e  o l i v e  
( 1 O Y R  6/2), black wood - 25- fragments: amount of  c l a y  

I and thickness of beds 
increase w i t h  depth, F i r m ,  - damp. 

1 7  .0-22.O8-Samp1e. - Recovered 5 . 0 / 5 . 0  '-100%. 

- - -_  ( 1 O Y  4/2) t o  medium gray 

3 medium dark gray (N 4 ) ;  

- yel lowish orange (1OYR 6/6) 

- medium gray ( N  5) t o  dark 

- 
- 16.5- 1 7 . 0  I CLAY STONE: 

d 

- - - _  - - _ _  - _ - - : CLAYSTONE: grayish o l i v e  _ _ _ _  I - - - <  - _ _ _  - (N 5 ) :  dark y e l l o w i s h  
orange ( 1 O Y R  6/6) mottles;  
calcareous t h i n  sand lenses 
a t  18.0 and 1 8 . 5 ' ;  l e n s e s  

..II a r e  0.01-0.02' t h i c k :  firm: 
damp. 

- 
- - - - 

d 

m - 
LI - 
m - 35- 
.I - 
- - - 

II 

-.I - 
40 

2 2  .0-27.0t-Samplr. 
Recovered 5.0/5.01=1002. 
CLAYSTONE: grayish o l i v e  
( 1 O Y  4/2) t o  medium gray 
(N 5 ) ;  dark yel lowish 
orange (1OYR 6/6) mottles,  
Firm; damp. 

25.0-31.01-Sample. 
Recovered 0 . 0 1  6. o *moa. 
31.0-36.01-Sample. 
Recovered 2.8/5.0'-562. 
RQD11.7/2.8t=12%. 
CLAYSTONE' pale  yel lowish 
brown ( 1 O Y R  6/2) c l a y  and 
s i l t y  c l a y ;  abundant 
moderate yellOWi6h 
brown ( 1 O Y R  5/41 mottles;  
very well sorted; few 
organics; consolidated; 
damp. 

3 6.0-4 1 . 5  t-Sample. 
Recovered 0 .0 /5 .5 *=0%.  

Remark8 

- 
'en t ation 
3 e s%\ a nce 
Blow81 inchl 

20 40 rn 



41.5-47 0'-Sample 
Recovered 2.0/5.5 '~36% 
RQD= 0.3  / 2.0 '11 7 Z . 
CLAYSTONE olive gray (5Y 
3/2): abundant dark 
yellowish orange (10YR 6 / 6 )  
limonite stains 
predominantly along 
vertical fractures , 
consolidated, very well 
sorted: moist. 

47.O-52.Oa-Sample 
Recovered 3.7/ 5.0'=74%. 
RQD-2.0/3.7'=54%. 
CLAYSTONE. light olive 
gray (5Y 5/2); abundant 
dark yellowish orange (10YR 
6/6) and dusky red (5R 3/2) 
iron staining along 
fractures: some organics, 
very well sorted; 
conool idated; moist. 

Project: Rocky Flats Plant LOG OF BORING NO. 32-86 

Date Drilled 9/3/86, 9/22/86 - 9/25/86 
Boring Method Hollow Stan AugerINC Core Qround Surface Elevation 5 0 ~ 4 , ~ ~ '  

- 

I< 38065 7 E 31640 7 

'en t atlon 

Bbwd IncW 
20 40 

1 e ,";."C e 

-rrrr 



- 
Elev. 
,feet - 

Projoct Rocky Flats Plant LOG OF BORING NO. 32-86 

62.0-67 0'-Sample. 
R e c o v e r e d  5. 0/5.08=1000. 
RQD=4.0/5.08=800 
CLAYSTONE. o l i v e  gray (5Y 
3/2); few ye l lowish  orange 
mottles (1OYR 5/4):  no 
o r g a n i c s ;  very well s o r t e d ;  
consol idated ;  damp 

67.0-72 .O'-Sample. 
Recovered  0.6/5.0'=12%. 
RQD=0.0/0.68=0%. 
CLAYSTONE ol ive  gray ( 5 Y  
3/2); few moderate 
y e l l o w i s h  brown (1OYR 5/4) 
mottles ;  w e l l  sor ted ;  
consol idated ;  no organics:  
homogenous, damp 
- 

72.0-77 .O'-Sample. 
R e c o v e r e d  2.5/5 0'=50%. 
RQD=0.6/2.5'=24% 
CLAYSTONE ol ive  gray ( 5 Y  
3/2); very w e l l  sor ted ;  
consol idated ;  homogenous; 
several black organic 
fragmmt~; s l i g h t l y  damp. 

7 8.0-8 3. 08-Sample. 
R e c o v e r e d  3.0/5.0'-608. 
RQD=2.2/3.0'=730. 
CLAYSTONE: ol ive  gray (5Y 
3/2) ; moderate yel lowish 
brown (1OYR 5/4) s i l tstone 
nodules: well sorted:  
conmolidated; homogenous: 
no organics; moimt. 

sen tratlon Re a?* t ance 

Remarks L o 4  bv T ~ r o h v  & J B e r m  

106Po6222 I Hydro-Search, Inc. I P a g e 4 o f 7  
Project No. 



~~ ~ 

Project: Rocky Flats Plant LOG OF BORING NO. 32-86 

Date Drilled 9/3/86, 9/22/86 - 9/25/86 Coordinate8 N 38065 7 E 21640 7 
Boring Method kllow Stern Auger/K core Ground Surface Elevatlon 5 ~ 5 4 . 1 6 '  

Material DeacriDtion 

8 3.0-87.0°-Sample. 
Recovered 3.0/4 O@=75% 
RQD=1.4/3 O'-47%. 
CLAYSTONE olive gray 
3/2), common moderate 
yellowish brown (lOYFt 
mottles and siltstone 
nodules; well sorted; 
consolidated; homogeno 
moist. 

87 .O-92 .Og-Sample 
Recovered 3.8/5.0'=76% 
RQD=0.0/3.8'=0%. 
CLAYSTONE. olive gray 
3/2) : interbedded gray 
7) sandy and silty cla 
very fine-grained; wel, 
sorted; consolidated; 
nicely laminated 0.7% 
moist. 

9 2.0-9 7.0 '-Sample. 
Recovered. 2/5. 01=648. 
RQD- 2.9/ 3.2 '=9 1 % . SILl 
SANDSTONE: light gray 
(N 7) interbedded with 
olive gray (5Y 3/2) si1 
clay: very f ine-grainec 
very well sorted; rounc 
consolidated; dry. 

97.0-1 0 3 . 0  @-Sample. 
Recovered 3.6/ 6.0 '-60% 

CLAYSTONE: olive gray 
3/2) clay and silty clr 
very fine-grained; litt 
sand: few moderate 
yellowish brown mottlei 
(1OYR 5/4); very well 
sorted; constolidatad; 
slightly damp. 

RQi)rl.3/3.6=36%. 

Remarks Logged by T krphy  & J Bergnan 

'en t atlo 
3 e a M  a nc 1 

B b w d  Inc t 
20 40 m 

d 

Project No. 
106po6222 Hydro-Search, Inc. Page 5 of 7 



Projoct Rocky Flats Plant 
~~ 

ILOG OF BORING NO. 32-86 

Date DriIIod 9/3/86, 9/22/86 - 9/25/86 Coordinate8 N 33065 7 E 21640 7 

Material Description 4 
Boring Method ~ o i i a ~  stem ker/K Core Qround Surface Elevation 5 0 h 4  4 6 1  

Other 
Testa 

- - _ _ -  - - - _  - - - _  - -_-  - - -_  - - - _  - _ _ _  - - _ _ _  ---- - - _ _ _  ---- - - _ _ -  - - -_ 10 3.0- 10 7.0 I- S amp 1 e - - _ _  - - - -- Recovered 2.3 / 4.0 '=58%. 
_ _ _ _  1 RQD=0.0/2.3 ' - 0 % .  

---_I 312) clay and silty clay, 
- _ - - some very f me-grained 
- - _ _  sand: very well sorted, 
- - - rounded: slightly damp 

- _ _ _  - - _ _  
- _ _ _  ---_I - - _ _  CLAYSTONE' Olive gray (5Y - - _ -  - - _ _  --- ---- - - _ _  
- _ _ _  - - _ _  - - _ _  ---- - - - - _  ---- - _ _ _  _ _ _ _ _  - - _ _  - - _ _ _  - - _ _  - _ _ _ _  - - _ -  - - _ _ _  - - -_ - - _ _  - - - _  - _ - _  - - _ _  - - _ _  107 0-112 0'-Sample - - _ _  Recovered 2.3/5 0 '=46% 

RQD=1.1/2.3'=48%. 
CLAYSTONE olive gray (5Y 
3/2) clay and silty clay, 
very well sorted, 

- - - + consolidated; slightly 
---z damp. 

_ _ _ _ I  - - _ _  112.0-117.0~-Sample. 
- - - -1 Recovered 4.2/ 5.0'=83%. 

----I - - _ _  115.2': CLAYSTONE. olive 
.---I gray (5Y 3/2) clay and 

silty clay: abundant 
- - _ _  yellowish brown (10YR 5/4) 
- - - - pebble and gravel-sized 
- - - - nodules: angular: 
_ _ _ _  moderately sorted: dry 
- - - - 115.2 -117'. SAND' llght 
_ _ _ _  gray (N 7/0) , very fine- 
- _ _ _  - - - - grained: gradational 
_ _ _ _  contact: very well sorted: 
---.---- rounded; consolidated: dry 

- - -_  - _ _ _  - - _ _  - - _ _  - - - _ _  - - _ _ _  - _ _ _  - - _ _ _  - _ _ _  - - _ _ _  - _ _ _  - _ _ _  ---- 

- -_ -  
- - _ _  

- - - -  
---- - - - -- RQD=2 8/4.2 '=67%. 112.8- - _ _ _  
- - _ _  
. -___ ---- - - _ -  
---- 
- _ _ _  - - -_ - - _ _  - _ _ _  - _ _ _  - _ _ _  ---- - - _ _  ---_ ---- ---- 
- -__  - _ _ _  - _ _ _  - -__  
- _ _ _  - - _ _  - _ _ _ _  -_--  - - _ _ _  ---- - - _ _ _  

RQD=O.5/2.2'=238. 
SAND: light gray (N 7/0); 
very fine-grained and silty 
oand; very well Sorted, 
rounded: consolidated: 

'en t ation 
3 e s%l enc e 
Blows/ Inch) 

20 40 
rrlr 

i 
Project' No. 

106~06222 I Hydro-Search, Inc. I Page 6 of 7 



bcky Flats Plant LOG OF BORING NO= 32-86 Pro joct: 

Date Drllled 9/3/86, 9/22/86 - 9/25/86 CoordIn.te8 r: 38065.7 E 21640 7 
Boring Method Hollaw Stan A U ~ L - / K  Core Qround Surface Ekvatlon 5 ~ 5 ~  46 1 

I 

Material Des crip t Ion 

122.0-127. O1-Samplo. 
Recovered 4.2/5.0 I=842. 
RQD=4.0/ 4.2 '=9 5 2 . 
SAND: light gray (N 7/0); 
fine and very fine-grained 
sand and silty sand; thinly 
laminated with alternating 
layers of olive gray (5Y 
3/2) clay and light gray (N 
7) sand: well sorted; 
consolidated; rounded; dry. 

SILTY 

1 2 7.0- 1 3 2 0 I- S amp 1 e 
Recovered 2.0/5 0'40% 
RQD=0.8/2.01=40% 
CLAYSTONE- olive gray (5Y 
3/2) clay and silty clay, 
one moderate yellowish 
brown (10YR 5/4) siltstone 
layer at 131.0' 0.02'wide; 
very well sorted; 
consolidated; rounded; dry 

13 2.0- 13 5.0 '-S amp 1 e. 
Recovered 1.5/3.0'=50%. 
RQD=O.0/3.O1=0% 
CLAYSTONE: olive gray (5Y 
3/2): no mottles; well 
sorted; consolidated; 
homogenous ; dry. 

TOTAL DEPTH: 135.0' 

Remarks Logged by T k q h y  & J Bergman 

'en t ation v e s M  a nce 
B b w d  Inch) 

20 40 
-rrrr 



I- o 
W 
7 
0 
a 
n 

1986 
9/3 
9/23 
9/27 
- -- 

913 
9/29 

40 

- 160 

. 180 

.200 

enlETlME 

1030 
1600 
1000 
- 

1445 
0920 

WELL 32-86 

WELL CONSTRUCTION SUMMARY 

9/29 
9/29 
10114 

9/29 

LOCATION or C W R D S  
M 38065 7 E 21640 7 

1055 
1530 

-- 
-- 

1430 

1415 

9/271305 

DRILLING SUMMARY 

TOTAL DEPTH Well 125 50' Hole 135.00' 
BOREHOLE D IAMETER 00' - l7 0' 7:'' 
27 00' - 135 00' 5 518'' 

DRILLER Bovles Brothers Drilliner Co 
15865 W 5th Avenue, Golden. CO 
(Dave Jamie, Robert Roach) 

RIG 0 00'-27 00' b b i l e  557, 27 00'-135 oc 
BIT(S) 0 00' - 27 00' T-5 
27 00' - 135 00' Carbide bit  

DRILLING FLUID 
27 00' - 135 00' airlwater nust 

SURFACE CASING 7'' x 30 50' steel w/  lock- 

O0' - 27 O0' 

ino ran - .  
WELL DESIGN 

B A S I S  GEOLOGIC LOG 3 GEOPdYSICAL LOG __ 
U S I N G  STF(ING(S) C= CASING S=SCREEN 
000 '  2700 'C I  - 
0 001 114 90' C2 - 

114 90L 135.50' SI - 

- - - - - I -  -- 
CASING CI 5" I D steel surface casing 

c2 2" I D Sch 5 type 316 stain- 
less steel ,  threaded and flush 
iointed 

less steel, threaded and flush 
Jointed, 0 0IO"wirewrap screen, 
0 25' welded b t t m  cap 

SCREEN SI 2" I D Sch 5 tm 316 stain- 

CENTRALIZERS None 

FILTER MATERIPL 32-42 sl l lca  sand 
112 00' - 114.00' 

0 00' - 112.00' 

I12 00' - 114 00' 
126 00' - 135 00' 

CEMENT Portland TVW I 

OTHER 3/8" bentonite Dellets 

5964 46' ELEVATION GROUND LEVEL 
TOPOF CASING 5966 96' 

CONSIRUCTION TIME LOG 

TASK 
c_ 

DRILL ING 
!,I' 

Nc core 
Remne 

pr - 

GEOPHYS LOGGING 

CASING 
5" steel 
2" stainless 

FILTER P-ACEMPn 

C E  M EFlfl NG 

CEVELCPMENT 

OTHER 
Bentonite 

F I N I S H  

DL\TE 
1986 

9/3 
9/25 
9/27 
- - 
9/3 
9/29 

9 /29 
9 129 
11/7 

9 129 

9 127 

- 

- 
9/27 

9/3 
- 

1- 

12 IO 
1515 
1200 

1505 
0950 

14 I5 
1630 

0 9 4 5  

1445 
1310 
0940 

15x) 

W E L L  DEVELOPMENT 

See Well D w e l o p n t  Sumrary Sheet 

COMMENTS. 

No water encountered during dril l ing 

Top of stainless steel casinn 2 53' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 
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Pro ).et* Rocky Flats Plant 

Matorlal Do8crbtlon 

LOG OF BORING NO. 33-86 

ROCKY FLATS 

Project No. 
106po6222 Hydro-Search, Inc. 

0-4 8 '-SUpl* 
Recovered 3.1/4.8'= 652. 
GRAVEL: light olive gray 
(SY 5/2)to olive gray (5Y 
3 /2 ) :  clayey silt and sand 
matrix; quartzite pebbhs; 
poorly sorted: subangular; 
crumbles; dry. 

Page 1 o f 2  

4.8-6.8'-S-p18. 
R@coverod 2.0/2.0'=1008. 
GRAVEL: light olive gray 
(5Y 5/2); clayey sand 
matrix; quartzite cobbles 
and gravel clasts; angular 
to subangular; moderate 
sorting: loose: dry. 

ARAPAHOE FORMATION 

6.8-11.8'-8~1.. 
ReCOV8rOd 5.0/5.0'~1002. 
6.8-7.0': GRAVEL: 
light olive gray (5Y 5 / 2 ) ;  
clayey sand matrix; 
quartzite cobbles and 
gravel clasts: angular to 
subangular; moderato 
sorting; loose; dry. 

7.0-11.8': CLAYBTOHE: 
grayish yollow green 
(5GY 7/2) to grayish 
olivo groan (5GY 3/2) with 
olivo gray (5Y 3/2) to 
groenish gray (5GY 6/1) 
and dark yellowish orange 
(1OYR 6/6) stains; well 
sorted; consolidated; 
tracturodi firm; damp. 



Matorlrl Dooorbtlon 

u 

11.8-16.8'-S~pl.. 
Recovered 5.0/5.0~-1002. 
RQD 5.0/5.0'-1002. 
CLAYSTONE: grayish yellow 
green (5GY 7 / 2 )  to grayish 
olive green (5GY 3/2) with 
olive gray (5Y 3/2) to 
greenish gray (5GY 6/1) 
and dark yellowish orange 
(1OYR 6/6) stains; well 
sorted: consolidated; 
fractured: firm; damp. 

TOTAL DEPTH: 16.8' 

Projoct: Rocky Flats Plant  LOG OF BORING NO. 33-86 

0.10 Drlllod 9/10/86 CoOrdlnat.8 h 36960 9 E 21896.5 

q949. 28 Boring Mothod k1lw stan kger around Surtaco Elovatlon 



WELL 33-86 

.O 

7 .- 

'6  

'8 

io 

42 

14  

WELL CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL  5949 28'  

TOPOF CASING 5950*70'  
LOCATION or COORDS 
N 36960 8 E 11896 5 

CONSRUCTION TIME LOG DRILLING SUMMARY 

TOTAL DEPTH Well 7 3' ~ 0 1 ~  16. 80' 
BOREHOLE D IAMETER 7?' 

S T A R T I -  F I N I S H  
TASK - DATE 

1986 DRILL1 NC, 
,"I er " 9/1010559/101130 I l l  DRILLER- 

15865 W 5th Avenue 
Golden, CO (Dave Jarvie) 

RIG Mobile B-57 GEOPHYS LOGGING 

CASING 
2" stainless 9/10 1310 9/10 1317 H I  DRILLING FLUID None 1--1-1- ---- 

1302 9/10 9/10 1305 
1331 9/10 9/10 1335 
1530 9/12 9/12 1530 

9/10 1305 9/10 1310 
12% 9/10 9/10 1255 

---- 

FILTER PLACEMENT 

CEMENTING 

CEVELCPMENT 

OTHER 
Bentonite 

BAS I S  GEOLOGIC LOG __ GEOPriYSICAL LOG _. 

U S I N G  STRING(S) C: CASING SmSCREEN 
0 00' 

~~ 

WELL DEVELOPMENT 

SCREEN SI -c 

ed. 0.010'' wire wraa sera 
- 0 25' welded bottan caD 

CENTRALIZERS TVW 304 stainless steel 
4 07' - 5 32' 

COMMENTS 

Nn wafer enrcuntered du rinz d r i l l i ne  

TOD of stainless &pel c s i n e  1 42' 

I- o 
W 
7 

Cave fran 'ID to  16 40' FILTER MATERICL 32-42 sand 
2 50' - 7 50' 

0 00' - 2 00' 

2 00' - 2 50' 
7 50' - 16 40' 

CEMENT Portland TVD~ I 

OTHER 3/8" bentonite E l l e t s  

0 
LT n 

-1 8 

- 20 

I 

1 

CONSULTING HYDROLOGISTS- GEOLOG ISTS HYDRO-S EARCH RENOeDENVER 
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Packer Test Data and Results 
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Saturated Thickness Hydrograph 

ORIGINAL PROCESS WASTF 1 INES CLOSURF CHARACTTRIIATION REPORT 
ROCK\ FLATS PLANT, GOLDEN, COLORADO APPENDIX A 



Rocky Flats Plant ILOG OF BORING NO. 34-86 Pr 0 joct: 

Data DrHIod 8/20/86, 8/26/06, 8/28/86 Coordlnateo N 37171.4 E 23088.4  
Boring Method Hollow Stan Auger/ NC Core Oiound Surface Elovatlon 5910.44 ' 

Depth ( f e e t , H  Matorlal Doocrlptlon 

VALLEY FILL 

0-1.3'-Sarple. Rocwored 
1.3/1.3'-1001. CWY: 
grayish olive (1OY 4/2) 
to light olive gray 
(5Y 5/2) silty clay; 
some sand, gravel and 
cobbles; subrounded; 
poorly sorted; grasses at 
surface; dry. 

2.0-4.0t-Sample. Recoverod 
1.9/2.0'-958. SILTY C U Y .  
moderate to dark yellowish 
brown (1OYR 6/2); white 
feldspar grains along with 
quartzite and granite 
particles: poorly sorted; 
subangular; few root.; dry. 

4.0-7.0'-Sa~plo. Recovorod 
0.0/3.O8=Q8. 

7.0-12.0c-Sarple. 
Recoverod 2.5 /5.0 '=50%. 
CLAYSTONE: olive gray 
(5Y 4/1) : trace silt and 
sand: gravel lense at 8.6'; 
grades downward into light 
olive gray (5Y 5/2) clay: 
large 8ubrounded cobble at 
bottom: soft; sticky; damp 

12.0~17.O'-S~pl~. 
Recwored 2.7/5.0'=548. 

12.0-16.1'. GRAVEL: light 
olive gray (5Y 5/2) with 
abundant pink granite and 
quartzite; poorly oorted: 
angular to subangular; 8ome 
sand: traca clay: wrt. 

ARAPAHOE FORMATION 

16.1-17.0'. CLAYSTONE: 
dU8ky yrl1OW (5Y 7/6) i 
abundant medium light gray 
(N 6) horizontal mottles; 
well sorted; consolidated; 

Remark8 bggedby T M_lrphy&L Pivonka 



Projoct: RDcky Flats Plant 

Mat erld Do8 c r b  t lon 

LOG OF BORING NO. 34-86 

17.0-22.8@-Sample. 
iecovered 4.8/4.8@=1002. 
:LAYSTONE* light olive 
jray (5Y 5/2) clay with 
some silt; dark yellowish 
>range (1OYR 6/6) mottlee, 
Jell 8ortod; firm; damp. 

22.8-27.8'-Sa~ple. 
Recovorod 5.0/5.0@-1001. 
CLAYSTONE: light olive 
gray (5Y 5/2) ; some silt; 
60me dark yellowish orange 
(1OYR 6/6) mottles; well 
rrortod; firm; damp. 

27.8-32.8I-Sample. 
Recovered 5.0/5.0@=1001. 
CLAYSTONE: light olive 
gray (5Y 5/2) and medium 
gray (N 5); limonite 8tain6 
dark yellOWi8h orange 
( 1 O Y R  6/6) abundant: black 
wood fragments common; 
trace silt and aand: iron 
stain along fracturom; well 
morted; firm; damp. 

32.8-37.8@-Sarple. 
Recovered 5.0/5.0@-1002. 
CLAYSTONE: olive gray 
(5Y 3/2) with minor dark 
yellowish orange (LOYR 6/6) 
limonite atains; black wood 
fragment8 common; trace 
silt and aand; well sorted; 
Firm; damp. 

38.0-43.8'-Sarpl.. 
Recwerod 5.8/5.8@=1001. 
CLKYSTONE: dark gray 
(N 3); silty with trace of 
Fa0 stringers; some 
charcoal wood fragments; 
well sorted; consolidated; 
damp 

Remarks Loneed bv T hruhy & L Plvonka - d  . -  

Hydro-Search, Inc. P a g e 2 o f  6 
Project No. 

106Po6222 



RDcky Flats Plant Projoct: 

Matorial De8crlptlon 

LOG OF BORING NO. 34-86 

43.8-45.0i-Sample. 
Recovered 1.2/1 2'=1001. 
SANDSTONE: dark gray 
( N  3 ) ;  clay-rich; greenish 
gray (5GY 6/1) clay: 
well mortod; consolidated; 
damp. 

45.0-48.0n-Sample. 
Recovered 3.0/3. 0'-1002: 
SANDSTONE: medium gray 
(N 5) laminated sandstone 
0.5H thick with dark gray 
(N 3 )  claystone interbeds 
0.1" thick: some of the 
thicker laminae contain 
coal material; very light 
gray (N 8) sandy clasts 
within the lower 1.5'; 
well morted; conmolidatod; 
damp. 

48.0-52.3'-8mple. 
Recovored 0.2/4.3'=52. 
SANDSTONE: medium light 
gray (N 6 ) ;  milty; 
laminated; well mortod; 
conmolidated; damp. 

52.3-53.4 1-Sampl.. 
Rocovorod 1.1/1.1 '=1001. 
SANDSTONE: medium light 
gray (N 6); silty; 
laminated; well sorted; 
con8olidated; damp. 

53.4-54.4'-8ampl.. 
Recwerod 1.0/1.0~-100~. 
SANDSTONE: modiup! gray 
(N 5); larinatod; well 
cuontod with calcium 
carbonato; consolidatod; 
damp. 

1 

Remark8 bggedby T b k q h y & L  Pivonka 

I06w6222 I Hydro-Search, Inc. I P a g e 3 o f 6  
Project No. 



LOG OF BORING NO. 34-86 Proloot: Rocky Flats Plant 

0.t. Dr1ll.d 8/20/86, 8/26/86, 8/28/86 COOrdlnatO8 N 37171.4 E 23088.4 
Boring Mothod HO~IOW stan h s r / N C  Core Oround Surface Elovation 5910 44' 

Matorial Do8crlotlon 

54.4-55.6'-Sampl0. 
Recoverod 1.2/1.2'-100t. 
SANDSTONE: medium gray 
(N 5); laminated; well 
cemented with calcium 
carbonato; consolidatod; 
damp. 

55.6-59.3'-Sampla. 
Recovered 3.7/3.7'=100%. 
CLAYSTONE: dark gray 
(N 3); variable quantities 
o f  silt and sand: abundant 
clay; consolidated; w 4 l  
sorted; firm; moist. 

59.3-62.5'-S-pla. 
Recovered 3.2/3.21=100%. 
CLAYSTONE: dark gray 
(N 3 ) ;  silty; light gray 
(N 7) mottling; firm; 
consolidated; well aortod; 
m0i.t. 

62.5-64.5'-Sample. 
Recovered 2.0/2.0'=1002. 
SANDSTONE: light gray 
(N 7) clay laminated 
Eandstone; gradational 
contact; well Eorted; 
conaolidated; moist. 

64.5-69.3I-Sample. 
Recovered 4.8/4.8'=100%. 
SANDSTONE: light gray 
(N 7) and medium light 
gray (N 6) silty sandstone 
with trace of wood 
fosmils; sand content 
increasos with depth; 
conaolidatod; woll 80rt.d; 
fim; dry. 

69.3-71.0'-Sampl.. 
Rocwerod 1.7/1.71-1001. 
CLAYSTONE: medium gray 
(N 5) silty and tlne- 
grainad sandy claystono; 
wall 8ort.d; firm; damp. 

Remark8 hgged by T &rphy& L. Pivonka 



Project: Rocky Flats Plant ILOG OF BORING NO. 34-86 

Date D d b d  8/20/86, 8/26/86, 8/28/86 Coordinate0 N 37171 4 E 23088.4 
Boring Method ~ o i i c k ~  st= hger/NC Core around Surface Ehvatlon 59 19.44 ' - 

Material Deocriotion 

71.0-74.3'-Sa~~le. 
Recovered 3.3/3.3'=1002. 
CLAYSTONE: dark gray 
(N 3): blocky texture: 
well 8ortedt Z i r m ;  dmp. 

74.3-75.3'-Sample. 
Recovered 0.6/1.0'=602. 
CLAYSTONE: dark gray 
(N 3): grayish orange 
(LOYR 7/4) mottles; well 
8ort.d; con8olidated; dam1 

75.3-78.5'-Sample. a 

Recovered 3.2/3.2'=1002. 
SANDSTONE: medium gray 
(N 5) silty nandstona, wal, 
sorted; con8olidated; damp 

78.5-83.5'-S=ple, 
Recovered 5.0/5.0'=1002. 
CLAYSTONE: medium dark 
gray (N 4) ; blocky texture 
well sorted; consolidated: 
damp. 

83.5-86.0'-Sample. 
Recoverd 2.5/2.5'=1001. 
CLAYSTONE: medium dark 
gray (N 4) : blocky texture; 
trace o f  pale yellowish 
orange (1OYR 8/6) nodule8; 
well sorted; con8olidated: 
damp. 

86.0-86.6'-Smple, 
Recovered 0.6/0.6 '=1002. 
CLAYSTONE: medium dark 
gray (N 4 ) ;  blocky texture; 
trace o f  pale yellOWi8h 
orange ( 1 O Y R  8/6) nodule8; 
well sorted; con8olidated; 
damp. 

86.6-89.0'-S-p10. 
Recoverod 2.4/2.4'-1002. 
CLAYSTONE: grOeni8h gray 
(5GY 6/1) 8ilty 8and8tOne 
with clay laminae; well 
sorted; con8olidat.d; damp. 

Remark8 Loeeedbv T Mvchv&L PiMnka 



L O G  
O F  

BOREHOLE 

Locatlon 

Coordlnatoa 

T o t a l  Dopth 

Orllllng Company 

Dato Drlllod 

Drllllng Mothod 

Loggod B y  
Goologlst 

Boroholo /Wol l  N o  1-87 (coqt'd 
Ground S u r l a c o  Elovatlon 

Wator  Lovo l  Lncountorod 

static 

Drll lor 

Holpor  

Or1111n~ Flu14 

Chock04  BY 

Commontr I 

8ampIoa Col locto4 
Llthologle Doacrlptlon hor Tosta Por lor  

-- ARAPAHE FaRMATIOW 
11 75 11.87' SAYDSTOYE pale yellowish 

( I O Y R  2/21, clayey, mathored, moist t o  wet 

5/2), weathered, trace of iron staining, mist  to 
wet 

12 O 15 O'  Srrple Recovered 3.25/2.0i = 103% 
CLAYSTONE light olive bran (5Y 5/61, trace 
caliche, trace dark yellowish orange iron stoining 
(10YR 6/61, weathered, mist to wet 

-- -- oranse (1OYR 1/61 t o  dusky yollouish brown 

- m  11.87 12 50' CLAYSTCNE Light olive gray ( 5 Y  

.- * -  

I- -- 
- -. 
.- 

TOTAL DEPTH 14 87' - 
m -. 
.. . 

- 
. -. 
- -- 
- * m  

.- m 

-- a- 

-- -- 
- -- 

2 . t i  ?.a. 40 ' - 



Probct: Rocky Flats P l a n t  LOG OF BORING NO. 34-86 

Borlng Mothod Hollow Stern Auger/NC Coraround 8urfaco Elovation 59Cl0.44 ' 
Oat. 0rlll.d 8 /20 /86 ,  8 /26 /86,8 /28 /86 COOrdinatO8 N 3717-1 4 E 23088.4 

Romarkr b& bv' 

Matorial ihacriotion 

96.0-100.0~-Sample 
Recovered 4.0/4.0'-100%. 
CLAYSTONE: medium dark - 
gray (N 4), gradational 
contact: some very fine- 
grained sand; well aorted; 
consolidated: damp. 

TOTAL DEPTH: 100.0' 



c . 

t 
V 
W 
3 
0 
a 
O I  

- - - - - I -  -- 
CASING Cl- 

c2 2" I D . Sch 5 twe 316 stain- 
less steel. threaded and flush 
1ointc.d 

SCREEN SI 2" I D Sch 5 tvDe 316 s t u  
less steel. threaded and flush 
iointed, 0 010'' wire wrapscreen 
0 25' welded bottom cap 

CENTRALIZERS T w  304 stainless steel 
22 47' - 23 70' 
49 01' - 50 26' 

43 00' - 56 50' 

0 00' - 42 00' , 90 00' - 64 50' 

flLTER trlATERICL 32-42 slllca sand 

CEMENT Portland TVW I 

OTHER 3/8" bentonite pellets 
42 00' - 43 00' 
56.50' - 64.50' 

tUCTION 
WELL 34-86 

SUMMARY 
ELEVATION GROUND L N E L  5910 44  ' 

TOPOF CASING 5912 78' 

I I I  

CONSIRUCTION TIME LOG 
I s r A R T  
' 
- 

DRILL ING 

GEOPHYS LOGGING - - 
CASING 

8/21_08oO 
2" s t w  9/30845 

9/2 1604 

9/3 1150 
913 0823 

8/29 1056 

CE M EPlllNG 

OTHER 

owgr c e n t  
entonite 

acker test 

- I FINISH 

8/21 
9/3 

9/3 
9/2 
9/12 

8/2 I 

- 9/3 
9 /3 
9/3 
a /29 

- 
- 
- - 

1145 
17 16 
1015 

1456 
12 10 
0845 
I150 
1725 , 

- - - 
WELL DEVELOPMENT 

See Well Developllent Surmary Sheet 

I 

COMMENTS. 

Water encountered at 48 0' during drilling 

TOD of stainless steel casim 2 . 3 4 '  

D. to 90 0' 

~~~ 

CONSULTING HYDROLOGISTS-GEOLOGIST! 



INDEX OF D A T A  

Boring No 35-86 

Completed as well? Yes 

Data in  File 

x Log of Borehole 

y We I1 Construct 1 on Summa r 1 e s 

Well Development Summaries 

Hydra u 1 I c Conduct I v I t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydrograph 

ORIGINAL PROCESS WASTF I INES CLOSURF CHARACTERFATION REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



Pro bet: Rocky Flats Plant ILOG OF BORING NO. 35-86 

Boring Mothod %llm Sten Auger Qround Suriaoo Ehvatlon 5309 .2  
Date Drlllod 8/19/86 Coordln.t.0 N 37177.0 E 23114.4 

Matorlal 008orbtlon 

VALLEY FILL ALIXNIUM _-___  _ _ _ _ _  _ _ _ _ _  ----- 
0-2.O~-Sample. 
Recovered 2.0/2.0'-1002. 
CLAY: olive gray (5Y 
3/2) ; dark yellowish 
orange (10YR 6/6) mot- 
tles; grades downward 
into dark yellowish 
brown (10YR 4/21 Clay, 
some silt; trace gravel 
and cobble size clasts 
of quartzite and granite, 
subangular to nubrounded, 
dry to damp. v 

2.0-2.7I-Sample. Recovered 
0.7/0.7'-100%. CLhY: dark 
yellowish brown (1OYR 4/2); 
dark yellowish orange 
( 1 O Y R  6/6) mottles common, 
some silt; trace gravel and 
cobble size clasts of 
quartzite and granite; 
subangular to subrounded; 
dry to damp. 

2.7-3.7'-Sample. Recovered 
0 .O/O .7 ' ~ 0 % .  

3.7-5.7'-Sample. Recovered 
2.0/2.0'=1002. 

3.7-5.0'. CLAY: dark 
yellowish brown ( 1 0 Y R  4/2)  ; 
dark yellowish orange 
(1OYR 6/6) mottles common; 
some silt; trace gravel and 
cobble size clasts of  
quartzite and granite; 
subangular to subrounded; 
dry to damp. 

5.0-5.7'. CLAY: light 
olive gray ( 5 Y  5/2) ; silty; 
well sorted; consolidated; 
firm; damp to moist. 

5.7-6.5'. NO SamplC. 
Depth correction. 

6.5-8.5'-Sample. Recoveret 

black (5Y 2/1) ; silt; 

- moderately well oorted; 
noft ; wet. 

m 1*7/2.0'=85%. CLAY: O ~ U C  

d trace sand and gravel; 

20 

BbwU Inch) 
20 40 rn 

i 
Pro joct No. 

106w6222 I Hydro-Search, Inc. I Pane 1 o f 2  



0.5-10.5i-Saaple. 
Recovered 2.0/2.01=100%. 
CLAY olive black (5Y 
2/1) to light olive gray 
(5Y 5/2); silty with 
gravel lenses; trace 
fine-grained sand: 
poorly sorted: oubangu- 
lar; firm: wet. 

ARAPAHOE FORHATION 

10.5-12.5'-Sample. 
Recovered 2.0/2.0~=100% 
CLAY. light olive gray 
(5Y 5/2): dark yellowish 
orange (1OYR 6/6) mot- 
tles; sand layer at 12.0- 
12 . S t ,  finegrainad; 
silty; moist: firm. 

12.5-14.0'-Sample. 
Recovered 1.5/1.5~-1002. 
CLAYSTONE: light olive 
gray (SY 5/21: dark 
yellowish orange (1OYR 
6/6) mottles; no gravel; 
silty; firm; moist. 

14.0-16.0'-Sample. 
Recovered 2.0/2.0~=100%. 
CLAYSTONE: light olive 
gray (5Y 5/2) i dark 
yellowish orange (lOYR 
6/6) mottles; no gravel, 
silty; layers of iron- 
stone; firm; moist. 

16.0- 18.0 '-Sample. 
Recovered 1.8/2 .0'=90%. 
CLAYSTONE: pale olive 
(1OY 6/2) to light olive 
gray (5Y 5/2); minor dark 
yellowish orange (loYR 
6/6) mottling; apparent 
bedding due to color 
variations; firm; 
damp to moist. 

TOTAL DEPTH: 18.0' 

Rocky Flats Plant LOG OF BORING NO. 35-86 
?f o).ct: 

0.10 0rUI.d 8/19/86 Coordlnat.@ 1; 3 7 1 7 7 . 0  L 23114 4 

Borlng Method hllow Stem Auger Oround Surface Ekvatlon 5909 2 



L 
i, 
W 

20 I 

WELL CONSTRUCTION SUMMARY 
ELEVATION GROUND LEVEL 5909 20 '  

N 37177.0 E 7311h.h TOP OF CASING 5911 54 '  
LOCATION or COORDS 

DRILLING SUMMARY 

TOTAL DEPTH Well 11 60' Hole 18 00' 
BOREHOLE DIAMETER ,?' 

DRILLER BOVleS GI. 
15865 W 5th Avenue 
Golden. CO (Dave Jarvie) 

RIG %bile B-57 
B I T E )  T5 

DRILLING FLUID 

WELL DESIGN 

BAS IS GEOLOGIC LOG 2 GEOPdYSICAL LOG - 
USING STRING(S) C-  CASING S-SCREEN 

o.oo'4.86'I;L - 
4.86'-11.6o'_sL - - -- 

- -- - - - -- - -- 

- - - - - I -  -- 
CASING c1 2" 1.D Sch 5 twe 316 stain- 

c2 less steel. threaded and flush 
c3 iointed 
c4 

SCREEN SI 2" 1.D Sch 5 tw 316 stain- 
s2 less steel, threaded and flush 
s3 iointed, 0 010" wire wrap scree] 
s4 0 25' welded bottan cap 

CENTRALIZERS T w ~  304 stainless steel 
7 80' - 8 85' 

FILTER MATERIAL 16-40 

CEMENT Portland T ~ p e  I 
0.00' - 1 95' 
OTHER 3/8" bentonite Dellets 

1 95' - 2 90' 
12 60' - 14 20' 

CONSTRUCTION TIME LOG 
I START 

TASK 

- 
DRILLING 

7 p  =pet- I 8/19 1258 

FILTER P-ACEM 8/20 1015, 

CEVELCPMENT - 913 - IO00 
CE  MEPlTl NG 

OTHER 

8/20 1025 

Bentonite 8/20 1020 1 8/20 1008 

I I 

WELL DEVELOPMENT 

F I N I S H  

% u  
8/19 1558 -- 

8/10 1020 
8/20 1040 
9/11 1155 

-- 

8/20 1025 
8/20 1012 

See Well kvelomnt S m r . 7  Sheet 

COMMENTS- 

Water encountered at 8 0' during drilling 

TOD of stainless steel casing 2-34' 

~~ ~ 

Cave f m n  TD to 14.20' 

CONSULTING HYDROLOGISTS-GEOLOGISTS 



INDEX OF DATA 

Boring No 36-86 

Completed as well? Yes 

Data in  File 

X Log of Borehole 

X Well Construction Summaries 

We 1 1  De v e 1 op m e n t Sum m a r i e s 

H y d ra u 1 I c Con d uc t i v i  t y Test Data 
and Results 

Packer Test Ddta and Results 

Water Level Data 

Saturated Thickness Hydi ograph 

ORIGINAI, PROCESS WASTF I lNES CLOSURF CIL4RACTERIIATION REPORT 
ROCK1 FLATS PLANT GOLDEN COLORADO APPENDIX A 



ILOG OF BORING NO. 36-86 
Projoct Rocky Flats Plant 

Dato Drlllod 8/25/86 Coordin.t.8 N 37395.4 E 23715.3 
Boring Method ~0110~ stem Auger Ground Surfaco Elevation 5881.94 

~ ~~ ~ 

VALLEY FILL ALLUVIUM 

0-0.3 I -Sample. 
Recovered 0 3/0.3'=1002. 
CLAY: moderate yellowish 
brown (1OYR 5/4), silty; 
poorly sorted; 
unconsolidated, damp. 

0.3-4.3 '-Sample. 
Recovered 2.0/4.0'=502 
CLAY- light brown (5YR 
5/6) and dark yellowish 
brown (1OYR 4/2) ; silty; 
some granitic cobbles, 
trace iron concretion- 
poorly sorted: 

4 3-5 5'-Sample. 
Recovered 0 9/1.2'=752 
GRAVEL dark YellOWiSh 
brown (10YR 4/2) ; granitic 
pebbles and cobbles: silty 
and clayey, trace iron 
concretions. poorly 

unconsolidated; 

ARAPAHOE F O m T I O N  

5.5-8.08-Sample. 
Recovered 2.5/2.5*=1002. 
CLAYSTONE: medium light 
gray (N 6) and light olive 
gray (5Y 4/1): trace iron 
staining; weathered: 
consolidated, moist. 

8.0-10.2'-Sample. 
Recovered 2.2/2.2'=1002 
CLAYSTONE dark yellowish 
orange (1OYR 6/6); some 
medium light gray (N 6); 
sandy with 30-402 iron 
staining, consolidated; 
moist 

TOTAL DEPTH: 10.2' 

Remark8 'Logged by L Pimnka - - .  
Project No. 

106PO6222 Hydro-Search, Inc. Page 1 of I 

~ 



16 

I8 

8/25 
8/25 
8/37 

20 I 

1525 j 8/25 1530 
1533 8/25 1 3 6  
1120 9/3 1055 --I 

WELL 36-86 

WELL CONSTRUCTION SUMMARY 

8/25 
8/25 

LOCATION or COORDS 
N 37395 4 E 23715 3 

DRILLING SUMMARY 

TOTAL DEPTH 6 50' Eole 10 20' 
BOREHOLE DIAMETER 

1530 8/25 1533 , ---- 
1520 8/25 1523 

DRILLER Bovles Brothers Drilline Co 
15865 W 5th Avenue 
Golden, CO (Jm Horn) 
%bile B-57 RIG 

BIT(S) T-5 

DRILLING FLUID - 

~ 

SURFACE CASING 5'' x 5' steel w/ locking 

WELL DESIGN 

BAS I S  GEOLOGIC LOG GEOPrlYSlCAL LOG - 
=SING STRING(S) C: CASING S-SCREEN 

-- 
3 5 0 ' -  6 49' SI 

- - - - - I -  -- 
CASING C I  2" I D Sch 5 twe 316 stain- 

less steel. threaded and f lush  
iointed 

SCREEN SI 2" I D s& 5 t w  316 stain- 
p 

iointed. 0 010" wire wrap screen 
0 25' welded bottan cap 

CENTRALIZERS TVW 304 stainless steel 
4 43' - 5 59' 

FILTER MATERICL 32-42 sand 
2 50' - 7 00' 
CEMENT Portland TVD~ I 
0 M' - 2 M' 
OTHER 318'' bentonite pellets 
2 0 0 ' -  250 '  
7 00' - 10 20' 

ELEVATION GROUND LEVEL 5881 94 
TOP OF CASING 5883 78' 

CONSTRUCTION TIME LOG I 

TASK - 
DRILL1 NG 

GEOPHYS LOGGING 

CASING 
7" s t m  

FILTER P-ACEMW 

CEMENTING 

CEVELCPMENT 

OTHER 
kntonite 

START 1 ,- FINISH 

8/25 1014 8/25 1520 I l l  

8/2515238/251525 I l l  
I I I 

-1-1-1- 

WELL DEVELOPMENT 

See Well Develomnt Surmry Sheet 

COMMENTS 

Pb water encountered durinp dr i l l ing 

TOD of s t a e s s  steel casinz 1 .84 '  

CONSULTING HYDROLOGI STS-GEOLOGIST 



INDEX OF DATA 

Boring No 43-86 

Completed as well? Yes 

Data in  File 

X Log of Borehole 

X Well Construction Summaries 

Well Development Summaries 

H y d r a 11 li c Con d u c t i v 1 t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydiograph 

ORIGINAL PROCESS WASTF I INES CLOSURF ClMRACTERIlATlON REPORT 
ROCK\ FLATS PLANT GOLDEN COLORADO APPENDIX A 



Projoct: Rocky Flats Plant LOG OF BORING NO. 43-86 

Date Drllkd 9/25/86 Coordinator N 36415,O E 2 2 7 6 1 . 7  
Boring Mothod H o l l a ~  Sten Auger around Surtaco Elovation 5 9 7 0.3 9 - 

Elev 
feel - 

ROCKY FLATS ALLUVIUM 

0-1.0'-Sample 
Recovered 1.0/1.0~=1001. 
GRAVEL grayish brown 
(5YR 3/2); 50-60% granitic 
pebbles and cobbles: 
30-409 sand and clay; 
caliche stringers, poorly 
sorted; unconsolidated; 
dry 

1 O-3.01-Sample u 

Recovered 0.0/2.01=02. 
Drilled with center bit in 
augers 

I 
3 0-3.3'-Sample. 
Recovered 0 2/0.3 ' ~ 6 7 % .  
SAND: moderate brown (5YR 
4/4), 80% clayey sand; 202 
quartzite cobbles; poorly 
sorted: unconsolidated, 
dry 

3.3-4 O'-Sample 
Recovered O.O/O.~'=O%. 
Drilled with center bit in 
augers. 

4.0-5 4'-Sample. 
Recovered 1.0/1.4'=742. 
SAND pale yellowish 
brown (10YR 6/21, -602 
coarse to fine- grained 
sand, 10-20% clay: 201 
granitic pebbles, poorly 
sorted: unconsolidated: 
dry 

5.4-5.5'-Sample. 
Recovered 0.2/0.2=1001. \ SAND Same as above; dry 

L 

5.5-6.0*-Sample. 
Recovered 0 . O/O. 5 '=OZ. 
Drilled with center bit in 
augers. 

6.0-8.O1-Sampie 
Recovered 0.9/2.0'=452. 
SAND: Same as above, dry. 



Pro ject: RDcky Flats Plant LOG OF BORING NO. 43-86 

0.10 Drllled 9/25/86 Coordlnatea N 3 6 4 1 5 . 0  E 22761.7 
Boring Mothod Hollow St- Auger around 8urtaco Elevatkn 5 9 7 0 .3 9 

Depth 
(feet) Material Dercriptlon 

8.0-10.08-Sample 
Recovered 2.2/2.0'=1102. 
SAND: moderate brown (5YR 
4/4): fine to medium- 
grained sand: trace 
coarse-grained sand: 
poorly sorted: subangular, 
unconsolidated; dry. 

10.0-12.0~-Sample 
Recovered 1.7/2.0'=852. 

10.O-ll.ll SAND Same as 
above, dry. Y 

1.1-12.0'. GRAVEL 
oderate brown (5YR 4/4), 
rades downward to coarse 
to medium-grained sand: 
poorly sorted: subangular, 
unconsolidated: damp. 

12.0-14.0m-Sample. 
Recovered 2.0/2.0'=1002 
GRAVEL. moderate brown 
(5YR 4/4) i quartzite 
pebbles and cobbles 
(20-302) and coarse- 
grained sand: poorly 
sorted: angular to sub- 
angular, unconsolidated: 
damp. 

14.0-15.5'-Sample. 
Recovered 0.8/1 5'=532. 
GRAVEL: moderate 
yellowish brown (1OYR 
5/4), granitic pebbles and 
cobbles to fine-grained 
sand: poorly sorted: 
unconsolidated: dry. 

15.5-l6.O1-Sample. 
Recovered 0.0/0.5'=02. 
Drilled with center bit in 
augers. 

16.0-16.5'-Sample. 
Recovered 0 . 5 / 0  5'=1002. 
GRAVEL' same as above; 
dry. 

ARAPAHOE FORWiTION 

16.5-18.08-Sample. 
Recovered 1.3/1.5'=87% 

Remarha logged by C. Walker olecked by: 
- 

Hydro-Search, lnc. Pro Jeot Wo. 
106Po6222 1 



Projoct: Rocky Flats Plant LOG OF BORING NO. 43-86 

Oat. Drlllod 9/25/86 Coordinator N 3 6 4 1 5 . 0  E 2 2 7 6 1 . 7  
Boring Mothod ~ 1 1 ~  Sten P+tger Oround Surtaco Elovath 5 9 7 0 . 3 9  - 

Elev., 
feet, - 

~~ ~~ 

Matorial Domcriptlon s 
16.5-17.0 ' CLkYSTONE - - - *  --- ---- --- dark yellowish orange 
(~om 6/6) to olive gray 

---- .- - - -- - - - -  ---: . - - -  .--- (5y 512 )  ; consolidated; --- 

subangular to subroundad; 
1 friable; poorly roderatley 

well cemented;- damp. 
17.3-17.8'. CLkYSTONE: 
dark yellowish orange 

- 

18.0-18.5'. CLAYSTONE: 
dark yellowish orange 

18.5-20.0'. SANDSTONE: 
yellowish gray (5Y 7/2) ; 
f ure-grained ; friable ; 
modarately sorted; 

and yellowish 

d e r a t o  yallw (5Y 7/6) ; 

- 
on t atior 

Bkwdlncti 
20 40 

t eo?o\.ncc 

v 
20 40 I 

1 1 1 1 1 1  

(loa- 6/6) to olive-Gay 
(5Y 5/2) , consolidated : 

17.8-18 0 '  SANDSTONE: 
yellwish gray (5Y 7/2); 
fine-grained, friable; 
modemately sorted; 
subangular to subrounded, 
poorly cemented; damp. 

18.0-20.0'-Sample. 
Recovered 1.5/2.0'=75%. 



15 

30 

35 

.40 

45 

50 

WELL 43-86 

WELL CONSTRUCTION SUMMARY 
LOCATION or COORDS 
N 36415 0 E 22761 7 

DRILLING SUMMARY 

TOTAL DEPTH Well 16 75' Hole 22 00' 
BOREHOLE DIAMETER 7!?' 

DRILLER Bodes Brothers Drilling Co 
15865 W 5th Avenue 
Golden. CO (Tonv bbinson)  

RIG Acker 
B I T W  1 11 nos lt 

DRILLING FLUID .. 
SURFACE CASING 41-X 5" Steel W/ lockin9 

WELL DESIGN 

BASIS GEOLOGIC LOG x GEOPHYSICAL LOG - 
US ING  STRING(S) C: CASING S-SCREEN 
0 00' 3.99' CI - -- 

CASING C[[ 
less s t e d ,  thrcaded and flush 
iointed 

SCREEN SI 2'' I D Sch 5 tVw 316 stain- 
less steel. threaded and f lush  
iomted. 0 0 IO" w i r e  wrap screw 
0.25' welded bottan C ~ D  

CEmI \L IZERS  Tvpe 304 stainless steel 
9.61' - 10.80' 

FILTER MATERIAL 32-42 

CEMENT Portlarid TVDe I 

OTHER 3/8" bentonite w l l e t s  

3 00' - 16 80' 

0.00' - 2 10' 

2 IO' - 3 00' 
16 80' - 17.20' 

5970 39' 
5972 49' 

ELEVATION GROUND LEVEL 
TOP Of CASING 

I CONSlRUCTlON TIME LOG 
I START 1 F I N I S H  

DRILL TASK I NG IE 
I- - 

GEOPHYS LOGGING z 
CASING 

7" staml.ess 9/2h 

I- - 
9/26 

CEVELCPMENT 
C E  M EFITl NG 

OTHER 

I- 
I- 
I 

I 
W D n T E  I 1986 
1645 9/26 -I 

-I- 
-- 
15009/26 

1526 9/26 
0820 10/10 

1520 9/26 
1445 9/26 

-- 

- 
I 

1500 

I520 1 

I540 
0c20 

- 

1526 
1453 

- 1  

WELL DEVELOPMENT 

COMMENTS 

No water encountered during drilling 
I 

~ 

a> tn 17.71)' 

~~ ~ 

! 
CONSULTING HYDROLOGISTS-GEOLOGIST 



INDEX OF DATA 

Boring NO 44-86 

Completed as 

Data in File 

X Log of Borehole 

X Well Construction Summaries 

Well Development Summaries 

Hydra 1111 c Con d 11 c t 1 v 1 t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydrograph 

ORICilNAL PROCESS WASTF I MES CLOSURF CHARACTERI1A’I1ON REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



project. Rocky Flats Plant LOG OF BORING NO. 44-86 

Date Drilled 11/6/86 Coordlnater N 36252.4 E 19130.5 
Boring Method &llm Stem Auger Ground Surface Elevation 6019 93- - 

Elev 
,feet - Material Description Depth 

ROCKY FLATS ALLUVIUM 

--- 
0.0-1.4 '-Sample. 
Recovered 0.8/1.4=572. 
Top SOIL: moderate brown 
(SYR 4 /4 )  : silty clay; 
abundant fine to coarse- 
grained gravel and small 
cobbles : moist. 

-5 

- 10 

- 15 

20 - 

8.0-10.5'-Sample. 
Recovered 1.1/2.51-441. 
SANDY CLAY dark yellowish 
brown (1OYR 4/2) ; silty: 
gravel and small cobbles; 
wet. 

10.5-12.0'-Sample. 
Recovered 0.8/1.5'=53%. 
SANDY CLAY: same as above 
with some FeO stains; 
wet. 

12.0-15.5'- No sample 
recovered. Cuttings 
indicate cobbles: clay; 
silt: very wet. 

15.5-18.01-Sample. 
Recovered 2.5/2.51=100%. 
SILTY CLAY: light brown 
(5YR 6/6) : abundant FeO 
stains and mottling: wet. 

18.0-20.5'-Sample. 
Recovered 2.5/2.5'=1002. 
CLAY: light brown 
(5YR 6/6); silty, 8mdy 
micaceous clay, abundant 
PeO i wet 

Remarks Lo& by L Pivonka 

en tration 
I e s?s t anc e 
Bkws/Foot) 

20 4 0  nl-r 



Project Rocky Flats Plant ILOG OF BORING NO. 44-86 
1 

Date Drilled 1 1 /6/86 Coordinates N 36252 4 E 19130.5 
Boring Method Ilollow Stem Auger Ground Surface Elevation 6019 931 4 Material Description 

20.5-23.OU-Sample. 
Recovered 2.5/2.5'=1002. 
SANDY CLAY: light brown 
(5YR 5/6): micaceous: 
trace medium-grained gray 
quartzite gravel, 
mottled; wet. 

23.0-25.5'-Sample. 
Recovered 2.5/2 5'=1002, 
SANDY CLkY: same as 
above: wet. 

* 

ARAPAHOE FORHATION 

25.5-30.5'-Sample. 
Recovered 4.3/5.0=862. 
CL?iYSTONE: light olive 
gray (5Y 6/11 : blocky, 
greasy: abundant FeO 
mottles: moist to wet. 

30.5-33.0'-Sample. 
Recovered 1.2/2.5'=48t. 
CLAYSTONE: same as above: 
moist to wet. 

TOTAL DEPTH: 33.0' 

lemarks Logged by L. Plvonka 

)en tratior 
Re s?s t anc E 
:Bbws/Foot 

20 4 0  



I- 
O 

0 

Q 
a 

m 

11/6 0923 

0 

FINISH - 
f f g w  

11/6 1234 ---- 

-3 5 

11/6 
11/7 
11/10 

11/7 
11/6 

'4 0 

- 4  5 

. 5 0  

1551 11/7 0824 
0826 11/7 0856 
190 11/13 I300 

---- 
---- 
-- 0824 11/7 0826 

1520 11/6 1551 

WELL 44-86 

WELL CONSTRUCTION SUMMARY I 

LOCATLON or COORDS 
1! 36359.4 E ;c)1q) 5 

DRILLING SUMMARY 

TOTAL  DEPTH&^^. 26.25' U. 33.00' 
BOREHOLE DIAMETER 7?1 

DRILLER Bovles Brothms Drilllne Co 
I5865 W 5th Avenue 
Golden, 0 (Roger sharp ) 

RIG FbbdP B.57 
BlT(S) blt 

~~~ 

DRILLING FLUID - 
* 

SURFACE CASING 5" X 4' Steel W/ ~ O C k l n e c a D  

WELL DESIGN 

BASIS GEOLOGIC LOG GEOPHYSICAL LOG - 
CWNG STRING&) C: CASING SZSCREEN o.oo'-- 3.00' CI - - -- 

3.23' - 26.25' SI - - -- - -- 

- I - - -- - -- 
CASING CI 5'' I-D steel 

-2 2" I D Sch. 5 twe 316 staiw 
less steel. threaded and flus h 
Jol ted 

SCREEN SI 2" 1.D. Scfi. 5 tm 3 16 s t p  
less steel. thm arrd flush 
10lnted. 0.010" -re wramd 
screen. 0.25' welded bottcm ca~. 

CENTRALIZERS (see w t s )  

FILTER MATERICL 
2.9 '  - 26.60' 
CEMENT I 
0 00' - 2.00' 
OTHER 318" brPp;LteOelL~r~  e 
26.60' - 33.00' 

ELEVATION GROUND LEVEL 6021 - 96 ' 
TOPOF CASING 6019*93' 

CONSRUCTION TIME LOG 

TASK - 
DRILL1 NG 

auper 

G E O W S  LOGGING 

CASING 
2" stalnless 

FILTER PbACEYPn 

CEMENTING 

L EVELCPM EN1 

OTHER 

BentorUte 

11/6 1600 l1/6 1610 I l l  
-1-1-1- 

-1-1-1- 
WELL DEVELOPMENT 

see well lkvelom?nt slmrruv &et. 

COMMENTS- 

No water encountered chum drillmp; 

lim of stalnless steel casmp; 3.03' 

centralizers used. 

HY DRO-SEARCH RENWMNVER CONSULTING HYDROLOGISTS- GEOLOGIST^ 
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Project Rocky Flats Plant LOG OF BORING NO. 61-86 

Date Drilled 11/19/86 Coordinate8 N 36217.4 E 20608.7 
Boring Method b11m Stem Auser Ground Surf ace Elevation 5999.31 ' - 

Elev 
,feet - Material Description Depth 

- 
0 

- 5  

- 10 

ROCLCY FLATS 

0.0-2.5'-Sample. 
Recovered 2.0/2.5'=80%. 
TOP SOIL: dark yellowish 
brown (1OYR 4/2); silty; 
clay-rich; abundant mall 
cobbles and coarse gravel; 
disturbed; moimt. 

ARAPAHOE FORMATION 

2.5-5.0'-Samplo. 
Recoverd 2.2 /  2.5 '18 8%. 
CLAYSTONE: yellowish gray 
(5Y 8/1) ; white (N 9/0) 
grea8y clay with abundant 
CaC03 occuring throughout; 
80me modiun-grainod .and in 
lowor 1.01; Fa0 8tain.d; 
moimt . 
5.0-11.5'-SUpl., 
Rocovared 4.0/6.5-628. 
CLAYSTONE: yal1owi.h gray 
(5Y 8/1); dark yellowish 
brown (1OYR 4/2) clay., 
silt., 8and8, gravels, and 
.mall cobble.; top soil; 
moist; wet at 8.0' with 
heavy PeO mtaina. 

11.5-13.5'-8ampl.. 
Rocovarod 2.0/2 .0'=100%. 
CLAYSTONE: dark yollowish 
orange (10 YR 6/6); graaay; 
undimturbed; blocky; moist. 

13.5-18.5'-Samplo. 
Recoverod 4.0/5.0'~80%. 
CLAYSTONE: dark yellOWi8h 
orango (LOYR 6/6); light 
olivo gray ( 5 ~  6/1): 
blocky; groamy; bodded; 
B0i.t. 

- TOTAL DEPTB: 18.5l 

20 
3 

Remarks b & b v  L Plwnka 

Bbws/Foot) 
20 40 m 

llrr 



WELL 6 1-86 

3 

5 

10 

WELL CONSTRUCTION SUMMARY 
LOCATION Of COORDS ELEVATION GROUNDLML 5999.3L' 

r: 36217 5 c 2060L7 TOP OF CASING 6000. 76 ' 
~~~ 

DRILLING SUMMARY CONSTRUCTION TIME LOG 
F IN I SH  - TOTAL DEPTH well l 2  25' HDle 18 50' 

BOREHOLE DIPMETER 7p TASK - 
I = I M  986 

flME 

1247 - DRILL I NO 
7 y  arJBe r -- I I I 157 DRILLER les Brothers Drilline CO 

15865 W 5 t h  A v e w  
Golden, CO (Jun Horn) 
M i l e  B-57 RIG 

BIT(S) 

GEOPWS LOCSQW 

CASING 

1431 15 
DRILLING FLUID None 

1435 
1447 
- - 

11/19 1427 
11/19 1436 

20 I-- - 
I436 - 

1427 
11/19 1435 

u1125 
-I- 

25 

WELL DEVELOPMENT 

scp ShPet. I - - - -  - -- 
3 0  

35 
CWYENTS: 

at 8.50' &-. 
& 1.45' 40  

4 5  

50 
CONSULTING HYDROLOGISTS-GEOLOGISTS 
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ORIGINAL PROCESS WASTE LINES CLOSURE CHARACTERIZATION REPORT 
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Saturated Thickness Hydrograph 
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LOG I 

-- 

a. 

- 20 

OF 
BOREHOLE 

a-  .- (10YR 2/2), clay mntrix 
8 70' 11 7 5 1  Lost core .- -- 

. 9 -  9 -  

.. a. . 

I I I / 

4 0 7 5' S n p l e  Recovered 3.OrJ.5' = 86% 
CLAY smne as above, dark yrllowish orvlge 
(10YR 6/6) stains CQIIIDII, d.np to moist 

lo 7 5 12 5' S a p l e  
6 85 7 35'. CLAY PML as above 
7 35-7.50'- Lost core 
7.50-8.20' CLAY sme as above, trace sand 
(2.0-1.5P); very pale o r w e  (10YR 5/41. 
orrbroudcd; nodcrate reddish brown (1OR 4/6) 
stllns; ROlSt 

8 20-8.70I CLAY mderate brown (5YR 4/6) to 
moderate yellowish brom (1OYR 5/4); weathered, 

Ruwered 1 15/5 0'  = 23% 
L 

vwonsolibted; mist. 
8.701 mBLE;  quartzite, dusky yellowish brown 

Samplor Col loctod or / Othor Tor t .  Portormod 

HNu Background = 0 3ppn 
No OVA readings 
No readings above 
bnckgromd 



LOG 
OF 

BOREHOLE 

Locat lon 

Coord lnator  

Tot81 D o p t h  

Drllllng Company 

Dato  Drll lod 

Drll l lng Yothod 

Loggod  By 
0 o lo g la1 

B O ~ O ~ O I O / W O I I  N O  1-87 (cont'd 1 
Ground Surface E lorat lon  

W a t o r  Lor01  Encountorod  

Statlc 

D r l l l o r  

n o ~ p o r  

Dr l l l lng  f lu id  

C h o c k o d  B Y  

1 
Commontr  (1 

/ 

Llthologlc Dorcr lp t lon  

- 2"2 
t 

t t 

ARAPAHOE FORMATION 
1 1  75 1 1  87' SANDSTONE pale yel lowish 
orange (10YR 8/6) to dusky yel lowish brown 
(IOYR 2/21, c layey,  w r t h a r e d ,  m i s t  t o  wet 
1 1  87 12.50' CLAYSTOWE light olive gray (5Y 
5/21, weathered, trace of iron staining, m i s t  30 t wet 

12.0-15 0' Svnple Recovered 3.25/2.01 = 108% 
CLAYSTOWE light olive brm (5Y 5/6), trace 
caliche, trace dark ye l lwish  orange iron staining 
(10YR 6/61, weathered, m i s t  to uet 

TOTAL DEPTH 14.87' 

! 
- A n  ' I I 

Samplor Col loctod or / Othor T o r t @  ?ortormod 

1" 



WELL 
COMPLETION 
INFORMATION 

e 

C ornromtr / 

d 

-8 n t o r  it 0 

~i1t.r  Yatorlal: - 
SAND 

II ICA 

Flltor Pack 
Longth (11.1 

t o t o l  Dopth 



INDEX OF DATA 

9-87/BH29-87 Boring No 
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Log of Borehole 

w e  1 I construct 1 on s u m m a r i e s X 

Well Development Summaries 

Hydra u 1 i c Con d ti c t I v I t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydrograph 

ORIGINAL PROCESS WASTF I INES CLOSURF CHARACTF-RIIATION REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



LOG 
OF  

BOREHOLE 

Location Rocky Flats Plant: 903 Pad. Area Boroholo /Wol l  N o  9-87BRDH29-87 
Coordinator N 36080.84 C 22239.33 Ground S u r t a c o  Elovat ion 5980.22' 
Total Dopth 37-50'  Wator  L o v o l  Encountorod  17-50' 

Drilling Company M Y k S  Bros Drli lor R. sharp 
0.1. Dril lod June 12, 1987 Hoipor T. '-ltt 
Drilling Mothod Hollow Auger Dril l lng F lu id  xone 
Loggod B Y  J. B. Eierqmm Chockod B y  

Stat  I C  5963.42 ' (12/01/87) 

Slto  Managor 

CEARP Yonagor  

Goologl r t  

Commontr 

-a / 

Llthoiogic  Dorcr lp t lon  

I "L 

15- 

20 - 

0- 
Recovered 1 45/1 5' = 76% 
0 0 - 0 5' TOP SOIL grayish brown (5 YR 
3/2), abundant roots and grasses, sandy 
clay and gravel, unconsolidated, dry 

POCK Y FLATS ALLU VIUM 

0 5  - 145' COBBLES AND GRAVEL 
pink and gray quartzite and granite in a 
clay matrix, pale yellowish brown (10 YR 
6/2), unconsolidated, angular, dry 

Recovered 1 65/1 5' = 110% 
CLAYEY GRAVEL pink and gray gran- 
ite and quartzite in  a moderate yellowish 
brown (10 YR 5/4) matrix, sandy, uncon- 
solidated, unsorted, dry 

3.0-4.2', 
Recovered 1 0/1.2' = 83% 
CLAYEY GRAVEL same as above, dry 

f 
4.2-5.0' SAMPJ I E, 
Recovered 1 5/0 8' = 188% 
CLAYEY GRAVEL same as above, dry 

20-6.0' No recovery Lost core 

6.0-7.5' SAMPLE, 
Recovered 0 6/1 5' 5 40% 
SILT pale yellowish brown (10 YR 6/2), 
quartzite cobble, distorted sample 
(cuttings from center bit), dry 

Samelor  Col ioctod or 
Othor  t o s t r  C O f t O f # ~ & o d  / 

~ ~~ 

HNu Background-0 6 
OVA BackgroundLO 8 
No readings over 
background 

0.0- 10.0' Composite 
sample BH298700 10 

zQ1 Field screen 
readings HNu 0 8 
(BG), OVA=l8 (BG) 

.!4.70-12.70' Contact 
sample BH2987 13CT 

1p91 Field screen 
readings HNu = 0 8  
(BG), OVA = 1 8  
(BG) 

lzpl Field screen 
readings HNu = 0 8  
(BG), OVA = 1 8  
(BG) 

J 5.70- 16.80' Bedrock 
sample BH298716BR 

17.50-1 8.50 Water ' 
table sample 
BH2987 17WT 

a 

Field screen 
readings HNu = 0 2  
(BG), OVA = 1 8  
(BG) 



L O G  
O F  

BOREHOLE 

e ~ o c a t ~ o n  Rocky Flats Plant; 903 Pad Area Boroholo/  w 0 1 1  N O  9-87BR/BH29-87 
G r o u n d  ~ u r t a c o  E)ov8t ion -5980 22’ ~ o o r ~ t n a t o r  N 36080.84 7, 22239.3 

T o t e l  Depth 37-50’ W a t O r  L o v o l  E n c o u n t o r o d  17.50’ 

Drillin9 Company B O Y k S  Bros 0ri11.r R- Sharp 
0.10 Drillod June 12, 1987 Hoipor  T. Memitt 
Drilling Mothod H o l l a ~  Stem mger Dri l l lng  F l u l d  None 
Lo9g.d B Y  J. B. mqmn Chockod B y  

Static 5963.42’  (17/01/87 1 

Goologist 3110 Managor 

CEARP Managor 

Commontr 

25 - 

3Q 

40 - 

’ O‘/-@-iQ / Lithologic Oorcr ipt ion 

. 
SAND AND GRAVEL moderate yellow- 

.) ish brown (10 YR 5/4), abundant 
quartzite and granite, unconsolidated, 
medium-grained sand, angular to sub- 

9.5-12.5’ SAMPLE, 
-I Recovered 2 0/3 0’ = 67% 

SAND AND GRAVEL same as above, 
d 

I 12.5- 15.0’ SAMPLE 
Recovered 2 0/2 5’ = 80% 
12 5-12 7’ SAND AND GRAVEL same as - 
12 7-13 8’ SANDSTONE light brown (5 
YR 6/4), very fine grained, rounded, well 

L 

r 

- 
sorted, wet 
13 8- 14 5’ SANDSTONE pale yellowish 
brown (10 YR 6/2), quartzose, coarse 
grained, well sorted, rounded, moist 

15.0- 17.5’ SAMP LE, 
Recovered 18/2  5’ = 72% 
SANDSTONE yellowish gray (5 Y 8/1), 
well sorted, medium grained, consoli- 
dated, moist 

17.5-20.0 ’ SAMPLE 
Recovered 2 0/2 5’ = 80% 
SANDSTONE same as above, wet at I7 5’, 
clay layer olive gray (5 Y 3/2) at  18 0- t t t  18 5’. wet 

Samplor Col loctod or 
Othor t o r t s  C o r l o r m o d  / 

Field screen 
readings HNu = 02 
(BG), OVA = 1 8  
(BG) 

Field screen 
readings HNu = 0 2  
(BG), OVA - 1 8  
(BG) 

Field screen 
readings HNu = 0 2  
(BG), OVA = 1 8  
(BG) 



L O G  
O F  

B O R E H O L E  

L o c a t i o n  Rock17 Flats P l a n t :  903 Pad Area B or. h a  Io  W 0 II N o 9-87BR/BH29-87 
C o o r d i n a t o r  N 36080.84 22239.33 Ground S u r f a c o  ~ ~ o v a t ~ o n  598 0.PI 
1ot.l D e p t h  37-50’ water L O V O I  E n c o u n t o r o e  17-50 ’  

DrillinQ Company BoYleS Bros Dr1110r sharp 
T Merritt 0.10 DrIIIed June 12, 1987 noiper 

Drilling Y o t h o d  H O l l O W  S t m  AUUer Drl l l lng Fluld 

Lo90.d B Y  J. B. J3erqman C h o c k o d  B y  

S t a t i c  5963.42’ (12/01/87) 

GOOlOgl8t $110 M8n8Q.r 

CEARP Y r n r g o r  
Commontr  

*. 

L i t h o l o g l c  D o r c r l p t i o n  

t Recovered 1 5/2 5’ = 60% 
SANDSTONE pale olive (10 Y 6/2), 
medium-grained, well sorted, few moder- 
ate yellowish brown (10 YR 5/4) stains, 
rounded, wet 

2.5-25.0’ SAMPLE 
Recovered 1 5/2 5’ = 60% 
SANDSTONE same as above, wet 

25.0-27.5’SAMPLE. 
Recovered 2 2/2 5’ = 88% 
SANDSTONE same as above, wet 

27.5-30.0’ SAMPLE, 
-m Recovered 0/2 5’ = 0% 

. 30.0-32.5’ SAMPLE, 
Recovered 2 5/2 5’ = 100% 

30 5-31 5’ SANDSTONE moderate brown 
(5 YR 4/4), chert and quartzite, very 
coarse-grained, well to moderate sorting, 
wet 
31 5-31 7’ CLAYSTONE light olive gray 
(5 Y 5/2), sandy, consolidated, moist 
31 7-31 9’ SANDSTONE light olive gray 
(5 Y 5/2), and moderate brown (5 YR 

a -  4/4), well sorted, wet 
31 9-32 5’ CLAYSTONE light olive gray -- (5 Y 5/2), sandy, consolidated, moist 

a -  30 0-30 5’ SANDSTONE same as above 

-- 
a. 

4- 

t 

Srmplor  C o l t o c t o d  or 
Other  t o r t 8  Cor fo rmod  / 



L O G  
OF 

BOREHOLE I 

~ o c a t ~ o n  RDcky Flats P l a n t ,  903 Pad Area E O ~ O ~ O I ~ / W ~ I I  N O  9-87BWBH29-87 
~ o o r ~ i n a t o s  N 36080 & 22239.33 G r o u n d  S u r f a c o  E l o v a t i o n  598 0.22' 
T o t a l  Dopth  37 50'  W a t o r  L o v e 1  E n c o u n t o r o d  17.50'  

S t a t i c  5 9 6 3 . 4 2 ' 7 )  
Orll l ing Company B o Y k S  Bros 
Oat .  0rll l .d June 12, 1987 
Ortlltnq Mothod H o l l ~ ~  Stan u n e r  
Lo99.d B Y  J. B. BerCyMn 

GOOlOgl8t 
C h o c k 0 6  l y  

S I to  Managor  

Commont r  

c / / / 

-1 
f 

I 

Recovered 2 8/2 5' = 112% 
CLAYSTONE light brown (5 YR 5/6) 
and light olive gray (5 Y 5/2), some light 
brown (5  YR 5/6), mottles, consolidated, 
trace organics, moist 

35.0-37.5' S A W  LE 
Recovered 2 5/2 5' = 100% 
CLAYSTONE same as above, sandy in 
top 0 5' and in shoe, moist 

TOTAL DEPTH 37 50' 

Samglor  Colloctod or 
01 hor Tor t8  ?offormod / 



W E L L  
COMPLETION 
INFORMATION 

~ o ~ a t l o n  Rocky F l a t s  P l a n t ,  9 0 3  Pad Area W e l l  NO 9-87BR 
I F: 777?9.33 Coord in8 to r  N 36080.84 Elovat ion Ground S u r f a c o  5980.27' 

Tot81 D o p t h  W o l l  3 2 * 4 0 '  T O P  of  ~ a r r n g  5981 72 '  
Boroholo  37 50' 

Format ion  o f  Cornplot ion Arapahoe Format lon  
C a r i n g  Mator ialSch 5 ,  type 316 TFJ s t a i n l e s s  C a r i n g  Diamotor 2" m s tee l  

I I  
? e 316 TFJ Surtaco C a r i n g  Diamotor  5 "  

-inless s t e e l  
D a t o  Inrta l lod  J u n e  15. 1 9 8 7  A p p r o v o d  By 
I n r ta l l od  By J B 2 - n  

G o o l o g i r  t 

~~~ 

Slto Managor 

CEARP M a n r g o r  

Commont r  

' 0  
Ground Sur f8t1  

b I l l l f l r  1 7  

Surfaco Soat  
at  r i  I 

PortYan8  ?ype I - 
Surface 

Length  ( f t  
12 00 30.1 

I 
r 16 o n  t o r l t  0 

' 
Fittor Mator ial .  - 

32-42 S i l i c a  Sa 

n 2 - 3 7 '  
TOP o f  Cas ing  1 . 5 0 '  i 

c1 
h 

loroholo  
I lamotor  

7 5" 

mslng 

14.50' 

Tota l  

l o roho lo  

I 
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L O G  
OF 

BOREHOLE I 

~ o c a t i o n  RDckv Flats Plant :  903 Pad Area BorohoIo/ W oIi )lo 10-87 
~ o o r d l n a t o r  N 35359.99 E 22180.04 Ground Surtaco Elovat lon 5981*9G’ 
Total Dopth 1 7 . 0 0 ’  Wator  L o v o l  Encountorod  WP 

Drllllng Company Bov les Bros Dril lor D. Jarvle 
Dato Dril lod June 15.  1987 ~ 0 1 p . r  K. Parker 
Drilllng Mothod stem Aucfer - Drll l lng Fluid 4 
L0eg.d B Y  C.  J. wood Chocked B y  

Stat ic  5970.68 ’ 

Goologi r t  Sit. Managor 

CEARP Yanagor  

-.. 

LlthOloglC DO8CflptbOn 

Recovered 10/20’  = 50% 
SANDY CLAY moderate brown (5 YR 

lQ 

20 - 

4/4), numerous quartzite pebbles and 
cobbles, some roots, dry 

WL 
Recovered 0 6/2 0’ = 30% 
GRAVELS quartzite pebbles and cobbles, 
dry 

4 0- No recovery Lost core 

5.0-7.0’ SAM PLE, 
Recovered 2 0/2 0’ = 100% 
SANDY CLAY light olive gray (5 Y 6/l) 
to moderate reddish orange (10 R 6/6), 
highly weathered, calcite throughout, 
numerous quartzite pebbles and cobbles, 
unconsolidated, damp 

7.0-9.0’ SAMPL E, 
Recovered 2 0/2 0’ = 100% 
SAND light gray (N 7 / 0 )  to moderate 
reddish orange (10 R 6/6), with some 
clay, numerous quartzite pebbles suban- 
gular to subrounded, caliche throughout, 
damp to dry 

Samplor  Col loctod or 
Othor  1 0 8 1 8  Portormod / 

HNu Background=O 0 
OVA Background-0 0 
Ludlum Background 
= 0 0  
No readings over 
background 

P.90 ot 2 
- 



L O G  
O F  

B O R E H O L E  

~ o c a t i o n  Rockv Flats Plant :  903 Pad Area 
c o o r d i n a t o a  N 35359 99 E 22180.04 
T o t a l  Depth 17.00'  

Drl l l lng company B o Y l e s  Bros 
0.10 Drlllod June 15, 1987 
Drlll lng Mothod  stem Auyer 
L0Qg.d B Y  C. J. wood 

G o o  log Is t 

~ o r o h o ~ o /  W O I I  N O  10-87 
G r o u n d  s u r r a c o   ovation 5981 96 '  
Wator  L o u o l  E n c o u n t o r o d  

S t a t i c  5970.68' 
D r l l l o r  D. J m i e  
~ 0 i p . r  K. Parker 
brltllng Fluid 

C h o c k o d  B y  
Slto Managor  

C E A R P  Yan8g.r 

i i  
t 

9.0- I 1 .O' SAMPLE, 
Recovered 1 5/2 0' = 75% 
9 0-10 5' SAND moderate reddish orange 
(10 R 6/6), weathered, numerous quartzite 
pebbles, medium to coarse grained, trace 
caliche, damp t +. ARAPAHOE FORMAT10 N 

.. 
11.0-13.0' SqMELE, . . Recovered 2 0/2  0' - 100% 
SILTY CLAYSTONE moderate reddish - -  orange (10 R 6/6), iron staining, light 
gray (N 7 / 0 )  in areas, damp to dry 

13.0-1 5.0' SAMPJ. E, - -  Recovered 2 0/2  0' = 100% 
SANDY-SILTY CLAYSTONE moderate -- reddish orange (10 R 6/6), iron staining, 
light gray areas (N 7/0), damp 

L 

J5.0-17.0' SAMPI& - -  
-- Recovered 2 0/2 0' = 100% 

SANDY-SILTY CLAYSTONE light gray 
(N 7 / 0 )  to moderate reddish orange (10 R 
6/6), trace calcite, dry to damp 

.= TOTAL DEPTH 1700'  

S8mplos Co l loc tod  or / Othor  Tost r  P o r f o r m o d  



W E L L  
C O M P L E T I O N  
I NFORMAT ION  

~ o c a t i o n  Rocky F la ts  P l a n t ,  9 0 3  Pad Area W O I I  N O  10-87 

~ o o r d i n a t o s  " 7 9 . 9 9  E 23180.04  Elovat ion Ground Sur faco  5981.96 '  
T o t a l  D o p t h  W o l l  1 7  00' l o p  of c a s i n g  5983 5 3 '  

Fo rmat lon  ot Complo t lon  Rocky F l a t s  Alluvium 
C88ing Mator ia l  &h 5 .  t V D e  3 16 TFJ sta'nlegEeel c a r i n g  Diamotor 

S c r o o n  M a t o r i a l Q  010" wire  w r a p ,  t y  e 316 TFJ Surfac.  c a r i n g  ~1am. t . r  5 I'  ID 
D a t o  In r ta l l od  .Tllnp 1 5 .  1987 
In8t.ll.d B y  C-J Wood Sit0  Managor  

B o f ~ h o l ~  1 7 - n n '  

2" ID 

s r a h e s s  s t e e l  
Approvod  By 

GOOlOgl8t 
C E A R P  Managor  

~ o m m o n t s  C.p-r a t  7 35 t o  8 50 '  

Ground Surtaca 

7 
emen t 
SUff8CO 

Filtor M8tor ia l  - 
S i l i c a  Sar 

Fi l ter  Pack L 9 10 Lonmth (11 I 

l o p  ot Car lng  1 . 5 7 '  R-- 

th 
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LOG 
OF 

BOREHOLE 

- Boroholo /  W 0 1 1  No Locat lon Rocky Flats Plant :  903 Pad Area 

COOrdlnJtO8 Ground S u r t a c o  E lovat ion  

Total  D ~ p t h  53-00’ W a t o r  L o v o l  E n c o u n t o r o d  28.30’ 
Stat lc  N/A 

Drllllng Company BovleS BmS Drl l lor  D. Jarvie 
D i t .  Dril lod June 12, 1987 Holpor  K. Parker 
Drlll lng Mothod  HOllaW stem mqa Drl l l ing  F lu id  None 
Loggod  B Y  C.  J. Wood C h o c k o d  By 

G O O l O g l B t  S i t0  M8n8g.r 

CEARP Y8nag.r 
Borehole backfilled w i t h  Port land Type 1: cerrwt Commontr  

a 

amplo r  Col loctod or 
hor  f o r t s  Portormod L i thologic  D o r c r l p t l o n  

I I I 

0-2.0’ SAMPLE, 
Recovered 12/2 0’ = 60% 

caliche throughout, damp 

2.0-4.0’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
SANDY GRAVELS moderate brown (5 
YR 3/4), some clay, some quartzite peb- 
bles, trace caliche, very unconsolidated, 
subangular to subrounded 

5 

I Recovered 0 8/4 0’ = 20% 
SANDY GRAVELS moderate brown (5 - YR 4/4), some clay, some quartzite peb- 
bles and cobbles, trace caliche, damp 

8.0- 10.0’ SAMPLE, 
Recovered 2 3/2 0’ = 115% 
SAND moderate reddish brown (10 R 
4/6), some caliche, some clay, trace iron 
staining, moderate reddish orange (10 R 

10.0- 1 3.0’ SAMPLE, 
Recovered 0 4/3 0’ = 130% 
SAND moderate reddish brown (10 R 
4/6), some clay, some caliche, trace mod- 
erate reddish orange (10 R 6/6) iron 



L O G  
Of 

BOREHOLE 

- Boroho lo /  W 0 1 1  N o  L o c r t i o n  W k y  Flats Plant, 903 Pad Area 
C o o r d i n r t a r  Ground  S u r f a c o  E l o v a t i o n  

Tot81 D o p t h  53-00' W r t o r  L o v o l  E n c o u n t o r o d  28.30' 

Dri l l ing Company  Bovles B r ~ s  O ~ I I I O ~  D. Jamie 

Dr i l l ing  Mothod  HOllOW stem Auqer Orl l l ing F lu ld  None 
~ o g g o d  B Y  C.  J. wood 

S t a t i c  N/A 

0.10 Dr l l lod  June 1 2 ,  1987 ~ 0 i p . r  K. Parker 

C h o c k 0 6  By  
Goologls t 3110 M8n8g.f  

C E A R P  Y a n a g o r  

C o m m e n t s  Borehole backfilled w i t h  Portland R p  1: c m t  

.. 

L l t h o l o g l c  D o s c r l p t l o n  

25 - 

40 - 

13.0- 16.0' SAMPLE, 
Recovered 1 2/3 0' - 40% 
SANDY CLAY light olive gray (5 Y 6/1) 
with moderate reddish orange (10 R 6/6) 
iron stains, some quartzite cobbles, damp 

16.0- 18.3' SAMPI ,Ea 
Recovered 2 8/2 3' = 121% 
CLAYSTONE dark yellowish orange (10 
YR 6/6), iron staining streaks of 
moderate reddish orange (10 R 6/6) 

18 3-20.8 ' SAMPLE, 
Recovered 3 0/2 5' = 120% 
CLAYSTONE olive gray (5 Y 3/2) with 
moderate reddish orange (10 R 6/6) 
streaks, sandy, slightly damp 

20.8-23.3' SAMPLE, 
Recovered 2 0/2 5' = 80% 
CLAYSTONE dark yellowish orange (10 
YR 6/6), weathered, iron staining, 
moderate reddish orange (10 R 6/6) 

CLAYSTONE medium gray (N 6/0), 
slightly sandy, weathered, moderate 
reddish orange (10 R 6/6) iron stains, 
damp 
28.3-30.3' SAMPJ.E 
Recovered 0 9/2 0' = 45%. 
CLAYSTONE medium gray (N 6/0) to 
olive gray (5 Y 3/2) with moderate 
reddish orange (10 R 6/6) iron staining - I streaks, wet 

t a m p ~ o r  Col loc tod  or 
O t h o r  t o r t s  Porlormod / 



L O G  
O F  

BOREHOLE 

.w 

.. 

-- 

a. 

B o r o h o l r /  W 0 1 1  N o  Rocky Flats Plant; 903 ?ad Area Locat ion  

moderate reddish orange (10 R 6/6), wet 

.L 
- m  48.0-50.4' SAMPLE, 

Recovered 20/24'  = 83% 
CLAYSTONE dark gray (N 3/0) ,  moist 

50.6-53.0' SAMPLE, 

lignite layer (coal) about 1/8" thick, moist 

- ' 

a. 

-- -- CLAYSTONE dark gray (N 3/0)  , small 

- -- .- to wet 

- .- TOTAL DEPTH 5300' 

GrounQ Sur laco  E lovat lon  COOrdin8tOS 

Totai  0 0 p t h  53-00' W I 1 . r  L o v o l  E n c o u n t o r o d  28 3 0 '  

Dril l ing Company BOyleS Bros D r l l l o r  D. Jarvie 
Oat. Drrllod June 12. 1987 H o l p o r  K Parker 
Drlll ing Y o t h o d  H0llc.W stem Auqer 

Stattc  4 7 !  

Drl l l ing F lu ld  None 
L o g g e d  B Y  C.  J. Wood 

Goologlat  
Chockod  B y  

3110 Manager  

C E A R P  Y a n a g O r  
Borehole backfilled w i t h  Portland Type I: certwt Commonts  

' 0  

a 

J 

TOTAL DEPTH WITH PLOPPER 
READJUST DEPTH 

31 0', 

45 

50 - 

a 

- 

3 I .O-36.0' SAMPLE, 
Recovered 4 0/5 0' - 80% 
CLAYSTONE light brown (5 Y 5/6) to  
very light gray (N 8/0), weathered, iron 
staining moderate reddish orange (10 R 
6/6), wet 

36.0-40.0' SAMPLE 
Recovered 1 7/4 0' = 42% 
CLAYSTONE moderate brown (5  YR 
4/4), some iron staining moderate reddish 
orange (IO R 6/6), wet 

Samelor Col loctod or  
Othor  T o r t s  Per to rmod  / 
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L O G  
O F  

BOREHOLE I 

- ~ o c r t i o n  Rocky Flats Plant; rbund Area Boroholo/ W o l l  No 

C o o r d i n a t o r  N 36673.47 E 23064.85 Ground Sur r rco  E lovr t ion  5967.98‘  
Tota l  D o p t h  16-10’ Wator  L o v a l  Encountorod m- 
Orllling Company myles ~ r 1 1 1 . r  T. Nerntt 
O a t .  Drlllod 5 .  1987 Holpor  ,T- w n  

orllllng Mothod Drl l l lng Cluld 

L099.d By 3. pp Chocked B y  

l 

Static 5958.07’ (12/01/87) 

G 2 X l . t  Sl to  Managor 

CEARP Managor 

Commontr  

V 

0- 
Recovered 14/20’ = 70% 
CLAY AND GRAVEL grayish brown (5 
YR 3/2), abundant gray quartzite cobbles, 
pebbles and gravels, some roots and 
grasses, poorly sorted, unconsolidated, 
some caliche-reacts strongly with HCl, 

2 0-4.0’ SAMPLE 
Recovered 19/2 0’ = 95% 
CLAY AND GRAVEL pale yellowlsh 
brown (10 YR 6/2), clay, abundant 
caliche-strongly reacts with HCl, abun- 
dant quartzite pebbles and cobbles, an- 
gular, poorly sorted, unconsolidated, dry 
to slightly damp 

CLAY AND GRAVEL same as above 
with some moderate brown (5 YR 3/4) 
clay patches, dry 

Recovered 0 7/0 7 - 100% 
CLAY AND GRAVEL same as above, 

-8.1’ SAMPLE, No recovery Drilled 
with center bit t t t *.O fff 

$amploo Colloetod or 
Othor T o o t r  Portormod / 

HNu Background=O 4 
OVA Backgroundlo 0 
No Ludlum readings 
taken 

2.0-4 0’ Readings on 
core HNu = 0 2-2 0, 
OVA = 0 0  
4.0-5.3’ Readings on 
core HNu = 1-100, 
OVA = 00 

8.1-1 1.1’ Readings 
on core HNu=O 4-1 2, 

14.1-16.1’ Readings 
on core HNu=2, 
OVA=l2  

OVASO 0-2 0 

Pago& o f 3  



LOG 
OF 

BOREHOLE 

- Locat ion  Rocky Flats P l a n t :  !bund Area Sorottolo/ W 0 1 1  No 

C o o r d i n a t o r  N 36677.47 F: 7706- Ground S u r t a c o  Elov8t lon 5967.98 ’  
To ta l  Dopth 16.10’  W a t o r  L o v o l  Encountered  &QP 

Orllllng Company MYles Bras D r l l l o r  T. l’lerrltt 
0.1. Dri l lod m t  5. 1987 Holpor  .T- ntinran 

Dritltng Mothod Orl l l lng Fluid 

, s t a t i c  y158.07~ r u m  /87! 

C h o c k o d  B y  
Site Managor 

CEARP Managor 

Commontr  

8 , .  
Recovered 3 0/3 0’ = 100% 
SANDY CLAY AND GRAVEL moderate 
brown (5  YR 3/4) and light brown (5 YR 
5/6), sandy clay matrix with abundant 
quartzite gravels, poorly sorted, very 
fine-grained, unconsolidated, dry 

Recovered 3 0 / 3  0’ = 100% 
- =  1 1  1 - 1 1  4’ CLAY olive gray (5 Y 3/2), 

abundant caliche-reacts strongly with 
- =  HCI, trace moderate yellowish brown (10 

YR 5/4) clay patches, trace angular peb- -. bles and gravels, dry 

.. 

1 1  4-14 1’ CLAYSTONE olive gray (5 Y .’ 
3/2), some moderate brown (10 YR 5/4) 

-. mottles, abundant CaCO concretions, 
white-reacts strongly wita HCI, some _. black organics, dry 

-. 14.1-16.1’ SAMP LE, Recovered 20/20’  = 

- 9  CLAYSTONE same as above, dry 

“TOTAL DEPTH 16 10’ 

100% 

I I I 
P 

Samplor C o l l o c t o d  or / O t h o r  T o r t @  Pertormod 



WELL 
I COMPLETION 
~ INFORMATION ' ~ o c a t i o n  Rocky Flats P l a n t ;  Yamd Area Well N o  19-87 

Coord in8 to r  N 36633 . 4 2  E 23064.85 E lov8t ion  G r o u n d  Sur taco  5967 9 8 '  
Tot81 D o p t h  W o l l  11-89' T O P  of  c a s i n g  5969 8 4 '  

FOfm8tiOn of  C o m p l o t l o n  m y  Flats Alluvium 
C a r i n g  Mator ia l  S-stadess c a r i n g  DI8motor  

D a t a  Inrtal lod m. - 6.  1987 stadess A p p r o v a d  B y  
I n r t 8 l l o d  By T - R -  Rpr n Sit. M8n8g.r 

Boroholo  16-05 '  

steel 2" TD 
S c r o o n  M8tori8JQ&JJ" w r r e  316 TFJ SUff8CO C 8 s i n g  DI8mOtOf 5" m 

G 0 0 I Z i  s t 
CEARP Yan8g.r  

C o m m o n t r  

B a c k l l l l  Yatorlal  8 "  V u v  Rpptomte Pellets 
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LOG 
OF 

BOREHOLE 

~ o e a t ~ o n  -Flats P u t :  ea ~ o r o h o l o / W o l l  No  a - 87RR 
Coord lnator  N 26644.48 E 23048 .u  Ground S u r i a c o  Elovat lon  5968 -10' 
T o t a l  Dopth 127 00 '  W a t o r  L o r 0 1  Encountorod  

brll l lng Company Bovles B m s  Dr l l lo r  T. Yerrltt: P. Bushkovskl 
s t a t  I C  5861.19 I (12/01/871 

bat.  Drll lod July 30-31 and Aug. 3, 1957 ~ 0 ) p . r  T. High; J. Dun-; K. P a r k s  

Drilling Method 

Loggod Or J.B. Bercp~n ; K.D. Holllway Chockod Or 

HollW Stern Awer: Rotary Core D r l l l l n g  Fluid 0 - 51.70': NOW 
51.70' - 127.0': water 

Geologtrt Stto Managor 

C E A R C  Managor 

Commontr  Surface casmg set to 51.64' by J.B. Berm on August 4 ,  1987. 

a 

Llthologlc Dorcr lpt lon 

25 - 

I - 40 

ARAPAHOE FORMA TION 

11 8-13 8' CLAYSTONE medium gray (N 
5 / 0 )  with abundant moderate yellowish 
brown (10 YR 5/4) mottles, abundant 
black organic fragments, abundant 
caliche-reacts strongly with HC1, trace 
white very fine-grained sand, well sorted, 
moist 

13.8- 15.8' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SANDY CLAYSTONE moderate yellow- 
ish brown (10 YR 5/4), very fine-grained, 
light gray (N 6 / 0 )  sand and moderate 
yellowish brown (10 YR 5/4) sand, some 
caliche, some black organic fragments, 
well sorted, rounded, moist 

18.8' SAMPLE, 
Recovered 3 213 0' = 107% 
CLAYSTONE same as above, slightly 
moist 

18.8-20.8 ' SAMPLE, 
Recovered 2 0/2 0' = 100% 
CLAYSTONE same as above, moist 

20.8-23.8' SAMPLE, - Recovered 3 0/3 0' = 100% 
CLAYSTONE olive gray (5 Y 3/2) with - abundant moderate yellowish brown (10 
YR 5/4) mottles, some organics, some - caliche, trace light gray (N 6/0) sand, 
very f ine-grained, rounded, moist 

S a m e l o r  Col loctod or / Othor t o r t s  Portormod 

20.8-21.8' Readings 
on core HNu = 2 .O 
OVA = 0 0  

13.8-25.8' Readings 
on core HNu = 15.C 
OVA = 3.0 

34.70' Reading in 
well head HNU = 
20-30, OVA = 9.0 

34.7-36.7' Readings 
on core HNu e 2 .0  
O V A = 1 8  



LOG 
OF 

BOREHOLE 

- ea B O ~ O ~ O I O / W O I I  NO L o c a t l o n  W ! + s  F u t .  -- 
coordtnator  N 36644.48 E 23048 42 Ground  S u r l a c o  Elorat lon  5968 .lo' 
Tota l  Depth 127 00' Water  L e v e l  Encountorod  &p 

Orllllng Company Bovles Bros ~r111.r T.  W l t t ;  P. wlshkovskl 
stattc  5861.19' (12/01/87) 

Dato Drll lod July 30-31 and Auq. 3 ,  1987 nolpor  T. High; J. Duncan; K. Parker 

Drilling Yothod HOllcxhl Stem Auser: Rotary Core Drll l lng plu1d 0 - 51.70': None 
Chockod Dy L o @ ~ o d  B Y  J.B. Berqmn ; K.D. Holllway 51.70' - 127.0 ' :  Water 

6oologl8t Sit. Yanagor  

e 

~ ~ 

CEARP Yanagor  
Surface caslng set to  51.64' by J.B. Ekrgmn on August 4, 1987. Commontr 

4 5  

50 - 

55 - 

60 - 

t a m p l o r  Co l loctod  or 
Othor t o r t 8  Cor fo rmod  / 

.a 

Llthologlc Dorcrtptton 

23.8-25.8' SAMPl .E, - Recovered 2 0 / 2 0 '  = 100% 
SANDY CLAYSTONE same as above 
with slight increase in sand content, 

25.8-28.8' SAMPLE - Recovered 3 0/3 0' = 100% 
SANDY CLAYSTONE same as above, 

I---------+ / I 

' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAYSTONE olive gray (5 Y 3/2) with 
abundant moderate yellowish brown (10 
YR 5/4) mottles, abundant light brown (5 

+~fZ:Zf:y 4 YR 5/6) FeO nodules, trace light gray (N ---- _--- / I  6/0) sandstone, very fine-grained, 
9 -  rounded, moist 

30 8-33 8' SAMPLE, 
Recovered 3 0/3 0' = 100% 

= -  CLAYSTONE same as above, moist 

- 33.8-34.7' SAMPLE, No sample Adjust 
depth after taking a TD of borehole .- 
34.7-36.7' SAMPLE, 
Recovered 2 0/2 0' = 100% .- CLAYSTONE olive gray (5 Y 3/2) with 
abundant light brown (5 YR 5/6) stains, ._ wet a t  top 4"-probably slough, homoge- 
nous, dense, weathered, trace very fine- 

a-  grained sand, dry 

t 

No HNu, OVA, or 
Ludlum readings 
taken below 50 0' 

Test $3.90-63.55' Interval Packer #10 

$5.90-65.55' Packer 
Test Interval #9 

55.55-75.20' Packer 
Test Interval #8 



LOG 
OF 

BOREHOLE 

~ o r ~ h o i ~ / w ~ i i  M O  7n - 87m Locat ion -Flat5 Plant. ea 
coord inator  N 36644.48 E 23048.42 Ground $ u r f r c r  Elovatlon 5968 .lo' 
Tota l  D ~ p t h  127.00'  W a t o r  L o r o l  f n c o u n t o r o d  

Drllllng Company Bovles Bros DrIIIor  T. w m l t t ;  P. WlShkWSkl 

Drllllng Method HOllo~ Stem Auser: Rotary Core 
: K.D. Holllway C h o c t o d  By Lomvod B Y  J.B. Bercg~n 

static  586 1.19 ' (12/01/87) 

0.10 0rIII.d July 30-31 and Auq. 3 ,  1957 nolpor T. Fhgh; J. D U ~ C ~ I I ;  K. Parker 

Drilling F I ~ I ~  0 - 51.70': None 
51.70' - 127.0': Water 

G O O l O g l 8 t  SIto Yanaeor 

CEARP Yana@or  

Commontr Surface caslng set to 51.64' by J.B. Be- on August 4 ,  1987. 

60 / 

-- 36.7-39.7' SAMPLE, 
Recovered 3 5/2 0' = 88% 

- -  CLAYSTONE olive gray (5 Y 3/2), some 
moderate yellowish brown (10 YR 5/4) 
stains, slightly weathered, homogenous, 
dense, abundant FeO nodules, some or- .. ganic fragments, slightly moist 

-- 39.7-41.7' SAMPJ.E, 
Recovered 2 1/2 0' = 105% 

moist 
-. CLAYSTONE same as above, slqhtly 

41.7-44.7' SAMPkE, 
= =  Recovered 1 7/3 0' = 85% 

CLAYSTONE same as above, dry 

Recovered 20/20'  = 100% 
CLAYSTONE olive gray (5 Y 3/2), some 
dark yellowish orange (10 YR 6/6) stains, 
friable, homogenous, some vertical frac- 
tures, dry 

.. 
44.7-46.7' SAMPLE, .- 

-- 
Recovered 3 7/3 0' = 123% 
CLAYSTONE same as above, unwea- .. thered/weathered contact at  46 7', dry 

a- 49 7-5 1.7' SAMPLE, 
Recovered 3 5/2 0' = 175% 

thered, dry 
-- CLAYSTONE same as above, unwea- 

Samplor  COllOctod or / Othor  t o r t 0  Portormod 

75.20-84$5 ' Packer 
Test Interval #7 

77.20-86.85 Packer 
Test Interval #6 

' 



L O G  
OF 

BOREHOLE 

C E A R C  Manasor  

Commonta Surface casulg set to 51.64’ by J.B. Bergnan on August 4, 1987. 

I 

50.0-54 0’ SAMPI& 
Recovered 2 0/4 0’ = 50% 
RQD = 1 1/2 0’ = 55% 
CLAYSTONE olive black (5  Y 2/1), un- 
weathered, damp 

$4.0-58.0 ’ SAMPLE. 
Recovered 5 0/4 0’ = 125% - -  RQD = 4 45/5 0’ = 89% 
CLAYSTONE- olive black (5 Y 2/1), some .. silt, unweathered, damp 

-- 
- L  

-- 

L . -  - ’ 
Recovered 4 0/4 0’ = 100% 

58 0-60 0’ CLAYSTONE dark gray, some 
.. RQD = 4 00/4 0’ = 100% 

-. silt, some very fine-grained sand, damp 

9 -  gray, some clay, some silt, some very fine- 
grained sand, fairly well sorted, sub- 

= -  rounded, trace fossils (plant stems and 
leaves), dry 

62.0-66.0’ SAMPLE, -- Recovered 3 95/4 0’ = 98 8% -- RQD = 2 7 0 / 3  95’ = 68 35% 
SANDY CLAYSTONE olive black (5 Y .. 2/1), sand is 3.0-3 5 phi to very fine- 
grained, subrounded, some silt, some clay, -. trace fossils (plant sterns and leaves), 
damp to dry 

60 0-62 0’ SANDY CLAYSTONE light 

.. 

86.86-96.50’ Packer 
Test Interval #5 

96.50 -106.1 5 Packer ’ 
Test Interval #4 



L O G  
OF 

BOREHOLE 

~ o c r t t o n  -S P b t :  ea e)oroholo /Wol l  Wo 2 - 87RR 
C o o r d l n r t o r  N 36644.48 E 73048.43 Ground  S u r f r c o  E lovat lon  5968 .lo‘ 
Tota l  Depth 127.00’ W a t o r  L o v o l  Encounto rod  &n@ 

Drlll lng Company 0r)Il.r T. V l l t t ;  P. BuShkOVskl 

S t r t l c  5861 .19’ (12 /01 /87)  

0.10 Drlllod July 30-31 and mg. 3 ,  1957 ~ 0 1 p . r  T .  Hlqh; J. Duncan; K. Parker 
Drllllng Yothod H o l l ~  Stem Awer: Rotary core 
Lo99.d BY J.B. Bergrrran; K.D. Holllway C h o c k o d  By 

Drl l l lng Fluid 0 - 51.70’: None 
51.70’ - 127.0’: Water 

6 O O l O g l 8 t  SIto Managor 

C E A R C  Y a n a g o r  
Surface casrng set to 51.64’ by J.B. Bergman on August 4 ,  1987. Commontr  

66.0-70 0’ SAMPLE, -- Recovered 3 7/4  0’ = 92 5% 
RQD = 2 91/3 7’ = 78 6% 

--SANDY CLAYSTONE same as above, 
very light gray (N 8/0) to grayish black -. (N 2/0), presence of vertical lamination 
planes of sand, very fine-grained to 3-0- ‘. 3 5 phi, starting at  67 1’, damp to dry 

-- 70.0-74.0’ SAMPLE, 
Recovered 5 2 /4  0’ = 130% 
RQD = 4 8/5 2’ = 92 3% .. SANDY CLAYSTONE same as above, 
vertical lamination planes fade out at  .I. 70 5’ but reappear at  71 6’-72 8’’ damp to 
dry 
74 0-78 0’ SAMPLE 
Recovered 4 0/4 0’ = 100% 
RQD = 3 0 / 4 0 ’  = 605% 
SANDY CLAYSTONE same as above, 
damp to dry 

-SAMPLE. -. Recovered 0 5/1 5’ = 33 3% 
RQD = 0 5/0 5’ = 100% 

--SILTY CLAYSTONE dark gray (N 3/0) 
to light gray (N 7/0), some clay, some silt, - -  some sand 3 5 - 2 5  phi to very fine- 
grained, mottled, indurated, dry 

79.5- 82 0’ SAMPLE, 
Recovered 3 5/2 5’ = 140% 
RQD = 2 42/3 5’ = 69 1 %  
SILTY CLAYSTONE dark gray (N 3/0) 
to olive black (5 Y 2/1), some clay, some 
silt, some sand, occasional small seams of 
coal, damp 

-- 

a. 

.. 
- w  

111 

SameIom Col loctod or 
O t h o r  T o s t r  Pot formod / 

106.15 -1 15.80’ Packer 
Test Interval #2 

107.20- 1 16.85 Packer 
Test Interval #3 

’ 

1 14.42- 124.07’ Packer 
Test Interval # 1 



L O G  
OF 

BOREHOLE 

I 

- Locat ion R o c u t c ;  P w  ea Boroholo /Wol l  N o  20 87RR 
Coord inator  N 36644.48 F: 23048.47 Ground s U f f 8 C O  Elovat lon 5968 .lo' 
T o t a l  Depth 127.00' Wator  ~ o v o l  Encountorod  a 

Dfllllng Company Bovles BrOs Drll lor T Nerritt: P. Bushkovskl 

Drllllng Yothod HOllOW stem hqer: R O W  Core 
Loggod BY J.B. BercpMn; K.D. Holllway 

Stat ic  m . 1 9 '  117/0 1/87) 

0.10 Drlllod July 30-31 and Aug. 3, 1957 ~ 0 l p . r  T. High; J. Duncan; K. Parker 
pluld 0 - 5 1 . 7 0 ' :  None 

51.70'  - 127.0 ' :  water 
C h o c k o d  By 

Goologirt  Sdto Managor  

CEARP Managor 
Commonta Surface caslnq set t o  51.64' by J.B. Bergrrran on August 4, 1987. 

RQD = 3 76/4 0' = 94% 
SILTY CLAYSTONE same as above, 1 damp 

e o  Lithologic Dorcr lp t ion  

120- a .  

a-  92.0-96.0 * SAMPLE, 
Recovered 1 65/4 0' = 41 25% 

SILTY CLAYSTONE same as above, dry 

96-0-99.0' SAMPLE, 
Recovered 3 4/3 0' - 113% 

SILTY CLAYSTONE same as above, dry 

a-  RQD = 1 65/1 65' = 100% 

*D 

RQD - 2 5/3 4' = 73 5% 

.. 
99.0-1 02.0' SAMPLE, 

RQD = 1 38/2 7' = 53% 
..) Recovered 2 7/3 0' = 90% 

-- SILTY CLAYSTONE same as above, dry 

I 
4 

82.0-84.5' SAMPLE, 
'- Recovered 2 15/2 5' = 86% 

RQD = 1 48/2 15 = 68 8% 
a m  SILTY CLAYSTONE same as above ex- 

cept less sand, damp 

84.5-88.0 * SAMPL& 
Recovered 3 1/3 5' = 88 6% 
RQD = 2 68/3 1' = 86 5% 
SILTY CLAYSTONE same as above, ex- 

- 
'- 

' 
. cept more sand in lenses, damp to dry 

ID 88 0-92.0' SAMPLE 
Recovered 4 0/4 0' = 100% 

Samplor  Co l loetod  of 
Othor T o r t *  Portormod / 



L O G  
O F  

BOREHOLE 

- Location Rc&v F l a t s  m t .  ea B o r o h o l o / W o l l  l o  3 0  8m 
.lo‘ Ground S u r f r c o  Llovat lon  5968 ~ o o r d ~ n a t o r  N 36644.48 

T o t a l  D ~ p t h  127.00 ’  W a t o r  L ~ v o l  E n t o u n t o r o d  &QP 

Drllllng Company Drll lor T. Y l l t t ,  P. WlShkoVSkl 
0.10 Drll lod July 30-31 and h q .  3, 1957 nolpor T. Figh, J. Duncan; K. Parker  

Drllllng Yothod Hollow Stem Auser: Rotary Core 
L o ~ @ o d  B Y  J.B. Berc(rrran : K.D. Holllway Chockod By  

G O O l O g l 8 t  

C 23048 

S t a t i c  361.19’ 137/01/87L 

Drllllne f luid 0 - 51.70’: None 
51.70’ - 127.0’: Water 

8I t0  Managor  

CEAR? Managor 
Surface casmq set to 51.64 ’  by J.B. Bergran on August 4, 1987. 

Commont8 

a 

e 

a / 
Ltthologlc Dorcr lp t lon  

t 

I 

102.0- 105 0’ S A M P E  
Recovered 5 0/3 0’ = 167% 
RQD = 3 8/5 0’ = 76% 
SILTY CLAYSTONE greenish black (5 
GY 2/1), some clay, some silt, some sand 
lenses, thin sand lamination, recovered 
20’  of silty clay core from previous run, 
dry 

’ AMPL 
Recovered 4 0/4 0’ = 100% 
RQD = 4 0/4 0’ = 100% 
105-107 25’ CLAYSTONE, SANDSTONE 
AND SILTSTONE same as above, dry .. 107 25’-109 0’ CLAYEY SANDSTONE 
olive black (5 Y 2/1), sand well sorted, -- subangular, 2 5-1 5 phi, clay in pockets, 
more prominent 108 75-109 0, mos t  . 

.- Recovered 4 0/4 0’ = 100% 
RQD = 4 0/4 0’ = 100% 

.-CLAYEY SANDSTONE same as above, 
except finer grained 3 0-3 5 phl, well ce- 
mented, damp 

a-  

1 13.0-1 17.0’ SAMPLE 

RQD = 4 0/4 0’ = 100% 
.. Recovered 4 0/4 0’ = 100% 

* -  113 0-1 15 8’ CLAYEY SANDSTONE hght 
gray (N 7/01, sand 3 0-3 5 phi, subangular, 

--well cemented, moist 

--medium gray (5 N/O), some clay, some 
1 15 8- 1 17 0’ SANDY CLAYSTONE 

sand, some silt, blocky, moist 

t 
I I 1 - 

Samplor  Col loctod or 
Othor  t o a t 8  ?or formod / 



L O G  
OF 

B 0 R E H 0 L E 

Locatlon W k v  ea 
~ o o r d l n a t o a  N 36644.48 E 71048.43 
Total Dopth 127 00' 

Drllllna Company EDVleS Bros 
Dato Drlllod July 30-31 and AUq. 3, 1957 
Drllllng Yothod HOllaW Stern Auser: Rotary Core 
Loggod B y  J.B. B e r m ;  K.D. Holllway 

Coo  log l a  t 

a 

- Boroholo/Woll  M O  70 87RR 
8 . 1 0 '  Ground $urlaco E lorat lon  596 

W8t.f  L o r o l  E n c o u n t o r o d  &p 

s t a t I C  5861.19 ' (12/01/87) 

Drl1l.r T. p".?Tltt: P. BUShkOvskl 

~~l~~~ 

Drl l l lng f lu ld  - 51.70': None 

Chockod B y  

T. Elqh; J. Wm; K. Parker 

51.70 '  - 127.0 ' :  Water 
% I t .  Managor  

C E A R I  Managor 
Surface casrng set to 51.64' by J.B. E3erqmn on August 4, 1987. Commontr 

2 ov/-e-A. / Llthologlc  Dorcr lp t lon  

117 0-121 0' S A M P U  
Recovered 3 6/4 0' = 90% 
RQD = 2 5/3  6' I= 77 7% 
1 17- 1 18 5' CLAYSTONE medium gray ( 5  
N/O), blocky, moderately cemented, moist 

gray (N 7/0), moderate cementation, 
slightly moist 
119 5-121 0' CLAYSTONE medium gray 

118 5-1 19 5' CLAYEY SANDSTONE light t ( 5  N/O), sand fine-grained, moist 
4- 

.. Recovered 1 5/4 0' = 37 5% 

.. CLAYSTONE same as above, massive, 

12 1 .O- 125.0' SAMPLE, 

RQD = 1 2/1 5' = 80% 

moist .. 
125.0- 127 0' SAMPLE 

* -  Recovered 3 8/2 0' = 190% 
RQD = 2 5/3 8' = 66% 

= -  CLAYSTONE same as above, recovered 
18' of  claystone, same description from 
previous core run, moist 

TOTAL DEPTH 127 00' 

s a m p ~ o r  Co l loctod  or 
Othor T o r t 8  Cor lo rmod  / 



W E L L  
COMPLETION 
INFORMATION 

L o c a t i o n  Rockv Flats Plant: PWund Area 
C o o r d i n a t o r  N 36644.48 E 23048.42 
T o t a l  Depth Wall 116-36 '  

Boroholo  126.20'  

W o l l  No  20-87BR 
Elovat ion  Ground  Surface 5968.10' 

T O P  of  C a r i n g  5970.10' 

Format ion  o f  Cornplot ion Arapahoe Formation 
C a r i n g  Mat*r lal  s-tadeSS C a r i n g  D lamotor  2" ID 
S c r o o n  MatoriaJ 0.010" wire wrap, tvpe 316 T ~ J  surfac. caring ~ i . , , , . t .~  

Oat.  I n r t a l l o d ~  - 13. 19R7 A p p r o v o d  By  
~ n r t a ~ ~ o d  B Y  K.D. Holllwav Sit. Managor  

steel 
518 m 

Goologir t  
CEARP Managor  

c o m m o n t ~  Surface cas1119 set to 51.64' by J.B. Bergman on A u p s t  4 ,  1987 

2.63' 

I 

I -  
I 

... * 
5 

. '  
< '  
..' ' 

I aorohoio 
DIam tor 

4.0" 

.In@ 

107.26' 



INDEX OF DATA 

Boring No 21-87 

Completed as well? Yes 

Data in  File 

X Log of Borehole 

x We 1 1  Construct 1 on S u m m a r i e s 

Well Development Summaries 

Hydra u 1 1  c Con d 11 c t 1 v 1 t y Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydiograph 

ORIGINAL PROCESS WASTF I lNES CLOSURF CHARACTERIIATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO APPENDIX A 



LOG 
OF 

BOREHOLE 

Locatlon a I F  d Area Boroholo /  W 0 1 1  N o  21-87 
C0ordinat.r  N 36980.21 E 22693.84 Ground ~ u r r a c o  Elovatlon 5927.58‘ 
T o t a l  Dopth 1 7 - 0 0 ’  

I W a t o r  L o v o l  Encountorod  7 . 0 ’  
Statlc DrV 

Drilling Company BOYles Bros Drll lor R. S m  
Dato Drll lod October 16,  1987 ~ 0 1 p . r  T- fmltt 
Drilling M o t h o d  HOllOW Stem Drl l l lng  F lu id  None 
Loggod BY K. D. Holliway Checked By 

Goologls t S l t o  Managor 

C E A R P  Managor 
Commontr 

l 20 

/ “I 
COLLUVIUM 

5 - 

10 - 

-2.0’ SAMPLE, 
Recovered 1 9/2 0’ = 95% 
SANDY CLAY dark yellowish brown (10 
YR 4/2) to dusky yellowish brown (10 
YR 2/2), quartzite cobbles, broken to 
subangular, sand very fine-grained, 
poorly sorted, unconsoldiated, grass and 
roots to 02’.  reactive to HC1, damp rgzu 2.0-4.0’ SAMPLE 
Recovered 10/20’ = 50% 
SANDY CLAY same as above, damp 

_---- 
---- ----- ---- ----- ---- 

4.0-7.0’ SAMPLE, 
Recovered 0 3/3 0’ = 10% 
CLAY light olive gray (5 Y 5/2), broken 
quartzite cobbles, trace very f ine-grained 
sand, unconsolidated, damp 

7.0-9.5 ’ SAMPLE, 
Recovered 2 5/2 5’ = 100% 
7 0-8 8’ CLAY light olive gray (5 Y 5/2), 
occasional subrounded quartzite pebbles, 
trace very fine-grained sand, some iron 
nodules, damp to moist 
8 8-95’ SANDY CLAY dusky yellowish 
brown (10 YR 2/2), very fine-grained 
sand, some organics, moist to wet 

Samplor  C o l l o t t o d  or 
t o s t r  Portormed 

HNu Backgrounds1 3 
OVA Background=2 8 
Alpha Background = 
0 1  

0.0-2.0’ Readings on 
core HNu = 70,  
OVA = 3 2  

2.0-4.0’ Readings on 
core HNu = 200, 
OVA = 3 6  

7.0-9 5’ Readings on 
core HNu = 50,  
OVA = 3 8  



L O G  
O F  

BOREHOLE 

-9 

Locat ion Rock v Flats Plant :  rn d Area B o r o h o l o / W ~ l l  N o  21-87 
~ o o r d i n a ~ o r  N 36980.21 E 22693.84 Ground Surfaco E lorat lon  5927 5 8 ’  
T o t a l  D o p t h  17 00’ W a t o r  L o v o l  Encountorod 7 . 0 ’  

Drilling Company Bovles B r z  - DrI I Io r  R. Sharp 
0.10 Drl l lod October 1 6 ,  1987 H0lp.r T. Plerritt 
Drllllng Yothod  HOllCW Stem Auuer Drl l l ing  Fluid None 

Static Dry 

I I 

L o g g o d  BY K. D. Holllway 
Go ologls t 

I 

C h o c k o d  b y  
3110 Managor 

CEARP Managor 

Commontr  

a 

f f 

+ T  

9 5- 12.0’ SAMPI.E, - Recovered 2 512 5’ = 100% 
9 5-10 4’ SANDY CLAY l ight olive gray 

’(5 Y 5/2), occasional subrounded to 
rounded quartzite pebbles, very fine- - grained sand, trace caliche, damp to 
moist 

c 

ARAPAHOE FORMATION 

10 4-12 0’ SANDY CLAYSTONE l ight - olive gray (5 Y 5/2) to medium gray (N 
5/0) with dark yellowish orange (10 YR . 6/6) iron staining, very fine-grained sand, 
trace caliche, damp to moist 

12.0- 14.5’ SAMPLE, - Recovered 2 5/2  5’ = 100% 

- moist 
CLAYSTONE same as above, damp to 

14.5- 1 7.0’ SAMPLE, 
Recovered 2 3/2 5’ = 92% 
CLAYSTONE olive gray (5  Y 4/1) w i t h  
trace dark yellowish orange (10 YR 6/6) 
iron staining, some very fine-grained 
sand more than above, trace caliche, 
damp to moist 

TOTAL DEPTH 17 00’ 
I 

- 

. 

Samplor  Col loctod or 
Othor  f o r t r  ?ortormod / 



WELL  
COMPLETION 
INFORMATION 

e ~ o c a t l o n  Pock v Flats Pia: r l o u  a Well No - 
E lov8t lon  Ground  Sur faco  5927.58' 

C o m m o n t r  

(. 

Ground Surfaco 

Sur faco  Seal. 

Sur f8co  

r - L  B on t o r l t o  

32-42 Silica S a  

Fi l tor  P 8 t k  

B 8 C  k f  111 rm 

I 

c - .  
3 
3 .  - -  

5 

-t- 
oroholo 
~ I 8 m o t o r  

7 .5"  

of ~ c r i o n  O O P ~ I  ti 

ra ins  

3.255' 

W o l l  Tot81 
Dopth (11 10.55 

J 1 



INDEX OF DATA 

' 0  

Boring No 2 2 -8 7BR 

Completed as well? Yes 

Data in  File 

x Log of Borehole 

X Well Construction Summaries 

Well Development Summaries 

H y d r a u 1 1  c Con d ~ i c  t i v i t  y Test D a t a 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydrograph 

e 
ORIOINAI, PROCESS WASTF I INES CLOSURF CHARAC'IPRI7ATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO APPENDIX A 



L O G  
O F  

BOREHOLE 

Locat ion &rkv Flats Plant : r.m Area B o r o h o l o / W ~ l l  N o  22-87BR 
Coordlnatos N 36934.99 E 22715 72 Ground Sur laco E lovat ion  5930.70' 
Total  Dopth 110 40 '  W a t o r  L o v o l  E n c o u n t o r o d  1 2 . 2 '  

Drllllng Company mykS Bros DrIIIor R. Shar!3 
oat. DrIIIod Seut 30 & O c t  7-8, 1987 Holpor T- F1IP-t 

Drllling Mothod H O l l W  Stem A W S ;  W m  Core Drll j ing ~ l ~ l d  0.0 - 4 5 . 1 '  None; 
Lo99.d BY K.D. Holliwav: J.B. EWxman Chockod b y  

s t a t I C  5852.04 ' (12/01/87) 

45.1 '  - 11 0 .4 '  Water 
Goologlr t S l to  M a n r g o r  

CEARP Yanagor  
Surface ~ S ~ I I U  set to 43.59'  by K.D. Holllway on October 2 ,  1987 

15 - 

20 - 

Recovered 2 0/2 0' = 100% 
CLAYEY SAND moderate yellowish 
brown (10 YR 4/2) to dusky yellowish 
brown (10 YR 2/2), subrounded to suban- 
gular quartzite cobbles and pebbles, sand 
fine-grained to coarse-grained, poorly 
sorted, calcareous. unconsolidated. some 
caliche, dry 

2 0-4.0' SAMPLE 
Recovered 1 5/2 0' = 75% 
CLAYEY SAND same as above, dry 

4 0-6.0' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAY light olive gray (5 Y 5/2) to dusky 
yellowish brown (10 YR 2/2), trace sub- 
rounded quartzite cobbles, trace very 
fine-grained sand, trace caliche, damp 

5.0-8.0' SAMPyE, 
Recovered 2 0/2 0' = 100% 
CLAY same as above except with dark 
yellowish orange (10 YR 6/6) iron stain- 
ing and stringers of brownish gray (5 YR 
4/1) claystone, damp ---- ---- 

- I O  2' SAMPLE, 
Recovered 22/22'  = 100% 

_ - _ _  _ - _ _  CLAY light olive brown (5 Y 5/6) to 
----- _ - _ _  light olive gray (5 Y 5/2), some iron 
- -e - -  ----- staining, some sand, trace caliche, damp ---- 

Sampler Colloctocl or 
Othor t o r t s  Por io rmod / 

HNu Backgroundlo 6 
OVA Background-1 2 

0-2.0' Readings on 
core HNu = 10, 
OVA = 4 0  

2.0-4.0' Readings on 
core HNu = 40,  
O V A =  1 2  

4.0-6.0' Readings on 
core HNu = 
Background, OVA = 
1 6  

6.0-8.0' Readings on 
core HNu = 12,  
OVA = 10 

891 Readings in 
augers OVA = 100 0, 
HNu = 1 2  

8.0- 10.2' Readings in 
core HNu = Back- 
ground, OVA = 2 0  

I 0.2- 12.2' Readings 
on core HNu = 20, 
OVA = 20 

Pago = o i  11 



L O G  

BOREHOLE 
I O F  

I 

~ o c a t i o n  m q  Plant : lbund Area 
Coord inator  N 36934.99 E 22715.72 
T o t a l  Dopth 110.40' 

Drilling Company les Bros 
0.1. Or l l lod  SeDt 30 & Oct 7-8, 1987 
Drllltng Method Hollow Stem Auqer; sotary Core 
Log9.d BY K.D. Holliwav, J.B. B e m  

Goologirt 

6oroholo:  W 0 1 1  )lo 22-87BR 
Ground Surfaeo Elovat lon 5930.70' 
Wator  L o v o l  Encountorod  12.2 '  

s t .  t ic 5852 - 04 ' (12/01/87) 
Dr111er R. sharr, 
Holpor ~T.=+t 
Drllltng Fluid 

C h o c k e d  by 

0.0 - 45.1' None; 
45.1' - 110.4' W ater 

Sit. Mana@or  

CEARP Yanagor  

~ ~ ~ ~ . ~ t ~  Surface CaSlllCr set to  43.59'  bv K.D. Holllway on October 2 ,  1987 

a 

8mplor Col loctoa or 
L i thologic  Dorcr lp t ion  hor t o r t .  Po r to rmod  

Recovered 2 0 / 2 0 '  = 100% 
CLAY light olive gray (5 Y 5/2), some 
very fine-grained sand stained dark yel- 
lowish orange (10 YR 6/6), subrounded 
quartzite cobbles, some iron staining, 
trace caliche, damp 

12.2- 14.2' SAMPLE, 
Recovered 20120 '  = 100% 
12 2-12 8' SANDY CLAY same as above, 
moist to wet 

ARAPAHOE FORMATION 

12 8-14 2' SANDY CLAYSTONE same as 
above except no quartzite cobbles, moist 
to wet 

14.2-16.2' SAMPLE, 
Recovered 2 0/2 0' = 100% 
CLAYSTONE light olive gray (5 Y 5/2), 
some very fine-grained sand, some dusky 
yellow (5 Y 6/4), trace caliche, damp to 
moist 

J6-2-18.2' SAMPJa'F; 
Recovered 2 0/2 0' - 100% 
CLAYSTONE olive gray (5 Y 4/1), occa- 
sional dark yellowish orange (10 YR 6/6) 
iron staining, trace very fine-gramed 
sand, trace caliche, damp 

Recovered 2 0/2 0' = 100% 
CLAYSTONE same as above, damp 

12.2-26.5' NO 
readings above 
background on the 
core 

26.5-27.5' Readings 
on core HNu = Back- 
ground, OVA = 1 6  

2_8.5-29.5'. Readings 
on core HNu = 2 0 ,  
O V A = 1 0  



L O G  
OF 

BOREHOLE 

LOC8tiOn WkLr F m  Plant, lbund Area Borohoio /Woi l  N o  22-87BR 
Coordinator N 36934.99 E 22715.72 Ground ~ u r c a c o  ~ i o v a t i o n  5930 70 '  
Tota l  O o p t h  110 40'  ato or ~ 0 v . i  ~ n c o u n t o r o d  12 .2 '  

Dril l ing Company MYks Bros Dri l ior  R. S m  
Static 5852.04 ' (12/01/87) 

D8tO Drl i iod SeDt 30 & OCt 7-8, 1987 H01p.r T -  P*h .p ' J t+  

L0OQ.d BY K.D. Holllwav: J.B. Berarnan C h o c k o d  By 

Dril l ing Mothod H o l l ~  Stem Auqer; m m  Core Dri l l ing  ~ i ~ i d  1 
4i.l' - 110 .4 '  Water 

GOOlOgl8t Sit. Y a n a g o r  

C E A R P  Y a n a g o r  

C o m m o n t 8  Surface casmo set to 43.59' bb? K.D. Holliway on October 2, 1987 

(. 

~ -~ ~ 

w / 
LitholoQic  D o r c r i p t i o n  

4 

2 0 . 2 - 2 2 . 2 ' ,  - Recovered 2 0/2 0' = 100% 
CLAYSTONE same as above, damp 

Hole readjusted to 22 50' 

* SAMPLE, 
___- -  - _ - - -  Recovered 1 5/10'  = 150% - _ - - -  
- -_- - -  -_ - -  

4 5  - 

50 - 

60 - 

CLAYSTONE same as above except l ight  
olive gray (5 Y 5/2) w i t h  trace dark yel- 
lowish orange (10 YR 6/6) iron staining, 
no caliche, dry 

b 
23.5-24.5' SAMPLE 

-. Recovered 1 0/1 0' = 100% 
CLAYSTONE same as above except no .. iron staining, homogenous, dry to slightly 
damp 

f4.5- 25.5' SAMPLE, 

CLAYSTONE same as above, dry to 
slightly damp 

- 
= -  Recovered 1 4/1 0' = 140% 

- -  
-- 

Recovered 1 4/1 0' = 140% - -  CLAYSTONE light olive gray (5 Y 5/2) 
' with trace dark yellowish orange (10 YR 

6/6) iron staining i n  small fractures, trace .- very fine-grained sand, trace silt, damp to 
dry 

26.5-27.5' SAMPLE, 
-- 
- - Recovered 1 2 /  1 0' = 120% 

CLAYSTONE same as above, damp 

t 

Samples C o l l e c t e d  or 
Othor f o r t s  P o r t o r m o d  / 

45.60-52.55 ' Packer 
Test Interval #7 

32.55-62.20' Packer 
Test Interval #6 

Pa90  3 O f 1 1  
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Locat ion -S Plant. llound Area 
Coord inator  N 36934.99 E 22715 72 
Total  Dopth  110.40'  

I a 

(. 

B o r o h o l o / W . l l  N o  22-87BR 
G r o u n d  S u r t a c o  E ~ o v a t l o n  5930.70'  
W a t o r  L0v.l  Encountorod 1 2 . 2 '  

s t a t  IC 5852.04 117/pU87) 
Drl l lor  R. Sharr, 

Holpor  n t f  

Dri l l ing  Fluid 

C h o c k o d  by 

0.0 - 45.1' None: 
45.1' - 110 . 4 '  Water 

Slto Managor  

C E A R P  Managor  

Commontr  Surface casma set to 43.59' by? K.D. Holliwav on Oztohsr 2, 19C7 

c / 
Ll tho log l t  Doscr lpt lon 

fdi 

70 - 

II 

I 

Recovered 1 5/1 0' = 150% 
CLAYSTONE same as above, damp to 
moist 

-- 28.5-29.5' SAMPLE, 
Recovered 1 5/1 0' = 150% 
CLAYSTONE same as above except more 
iron staining, damp 

* -  

29.5-30.5' SAMPLE 
Recovered 1 5/1 0' = 150% 

ics, damp 
-D CLAYSTONE same as above, trace organ- 

30.5-3 1.5' SAMPLE, -. Recovered 1 5/1 0' = 150% 
SANDY CLAYSTONE light olive gray (5 

= -  Y 5/2) with dark yellowish orange (10 
YR 6/6) iron staining and grayish orange - -  (10 YR 7/4) very fine-grained interbed- 
ded sands, occasional limonite nodules, 
some silt, some organics, dry 

3- 
Recovered 1 0/1 0' = 100% -- SANDY CLAYSTONE olive black (5 Y 
2/1) to light olive gray ( 5  Y 5/2), 

'D 

limonite nodules and iron staining mod- 
.- erate brown (5 YR 4/4), very fine-grained 

interbedded sands, grayish orange (10 YR -- 7/4), some silt, trace orgamcs, dry 

L -- 

It 
It 

Samplos  Col loctod  or 
Othor T o r t s  Cor to rmed  / 

62.20-7 1.85' Packer 
Test Interval #5 

71.85-81.50 Packer 
Test Interval #4 

' 



L O G  
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, BOREHOLE 

Locat ion -Flats P l a t  * tbund Area I ) O r o h o l o / W ~ l l  N o  22-87BR 
C o o r d ~ n a t o r  N 36934.99 E 22715.72 Ground S u r f a c e  Elevation 5930.70' 

W a t o r  L o v o l  Encountorod 12 .2 '  
s t t 5852 04 ' (12/01/87) 

Drtltor R. Sharr, Drilling Company Boyles &OS 

oat. DriIIod Sept 30 & Oct 7-8, 1987 Holpor  T. w a t t  
Orllllng Yothod HollW stem A W a ;  -re Orl l l lng  ~ l ~ l d  0.0 - 45.1 '  None; 

L0QQ.d BY K.D. Holliwav: J.B. Bercmlan C h o c k o d  By 
45.1' - 110 .4 '  Water 

Goologirt  S i t0  M8n8g.r 

CEARP Yana@or  

Commontr  Surface casum set to 4 3 . 5 9 '  bF7 K.D. Holllway on October 2, 19C7 

amplor Co l loctod  or 
L l t h o l o g ~ c  D o r c r l p t l o n  hor T o r t s  Portormod 

80 - 

a 

85 
d 

9 0  

EL 

100 - 

32.5-33.5 * SAMPLE, 
Recovered 1 2/10' =: 120% 
CLAYSTONE same as above except no 
interbedded sands, no nodules, less sand, 
dry 

- -  
- -  

- 33.5-34.5' SAM PLE, 
Recovered 1 5/1 0' = 150% -. CLAYSTONE light olive gray (5 Y 5/2) 
to olive black (5 Y 2/1) with some mod- .. erate yellowish brown iron staining (10 
YR 5/4), some very fine-grained sand, .- some silt, some organics, brittle, dry 

a. 34 5-35.5 ' SAMPLE 

- =  CLAYSTONE same as above, dry 
Recovered 1 0/1 0' = 100% 

.I 

Recovered 1 5/10' = 150% -. CLAYSTONE olive black (5 Y 2/1) to 
-.grayish black (N 2/0), some very fine- 

grained sand, some silt, some organics, -- trace limonite nodules, dry Weathered/ 
unweathered contact - 360' 

a. 

36.5-37.5' SAMPLE, -. Recovered 2 0/1 0' = 200% 
CLAYSTONE olive black (5 Y 2/1), some -- very fine-grained sand in fractures with 
dark yellowish orange (10 YR 6/6) iron -- staining, some organics, dry to slightly 
damp 

8 1 50-9 1.15' Packer 
Test Interval #3 

82.70-92.35 ' Packer 
Test Interval #2 

92.35- 102.0' Packer 
Test Interval #l 



L O G  
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B O R E H O L E  

L o c a t i o n  W k v  F u s  PlBnf ~m ea ~ O ~ O ~ O I O , ’ W O I I  N O  22-87BR 

Tota l  Dopth 110.40’ W a t o r  L o v o l  E n c o u n t o r o d  12 .2 ’  

Drilling company Boyles Bros 0r111or R Sharr, 
2.10 Dr i l lod  Sept 30 & O c t  7-8, 1987 Holpor  T. P*mtt 

Orllling Mothod HollCRJ s m  Auger; m m  core Drl l l lng  ~ l u l d  0.0 - 45.1’ NO=; 
LoQ9.d BY K.D. Holliwav, J.B. Beraman Chmckod B y  

I C o o r d i n a t o r  N 36934.99 E 22715.72 G r o u n d  Surrac.  E l e v a t i o n  5930.70’ 

Stat  I C  5852.04 ’ (12/01/87) 

45.1’ - 110 . 4 ’  Water 
GOOlogl8t S l t o  Y a n e g o r  

C E A R P  Y8n.gOr 

c~~~~~~~ Surface casLnCr set to 43.59’  bv K.D. Holllway on October 2 ,  1987 

/ / 

37.5-38.5’ SAMPJ,E, 
Recovered 1 0/1 0’ = 100% 
CLAYSTONE same as above with more 
sands, dry 

LIP 5-3 9.5’ SAMPLE, 
Recovered 1.3/ 1 0’ = 130% 

* -  
CLAYSTONE olive black (5 Y 2/1) to - -  dark gray (N 3/0), some very fine-grained 
sand with moderate yellowish brown (10 .. YR 5/4) staining, some silt, some organ- 
ics, dry 

__---  _ _ - _ _  _ _ - _ _  
_ c - - -  _--__ c - - - -  __- -_  _ _ _ - _  

39.5-40.5’ SAMPLE 
Recovered 1 2/1 0’ = 120% 
CLAYSTONE same as above with less 
sands and less Iron staining, dry 

40.5-4 1.5’ SAMPLE, 
Recovered 1 2/1 0’ - 120% 
CLAYSTONE olive black (5 Y 2/1) to 
dark gray (N 3/0), very fine-grained cal- 
careous sand in  fractures with moderate 
yellowish brown (10 YR 5/4) staining, at 
41 2’ band of caliche (or calcareous sand) 
reacts strongly with HCI, some organics, 

Recovered 1 5/1 0’ = 150% 
CLAYSTONE same as above, dry 

Recovered 1 4/10’ = 140% 
CLAYSTONE same as above, dry 

42.5-43.5’ SAMP1.E 

t t t  

Samplos  C o l l o c t o d  or / Othor  T o r t 8  Cor formod 
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. 5-56.5'SA- 

Recovered 3 9/4 0' = 98% 
RQD = 3 9/3 9' = 100% 
CLAYSTONE same as above, moist 

Recovered 3 8/4 0' = 95% 

CLAYSTONE dark gray (N 3/0) to gray- -- ish black (N 2/0), dense, homogenous, 
some carbonaceous debris, moist to wet 

. 5-. 

- -  RQD = 1 3/3 8' = 34% 

Locat ion W k v  F ~ s  P l w  * lbund Area 
Coord ina to r  N 36934.99 E 22715.72 
t o t a l  Dopth  110.40'  

I 

Drllllng Company myles Bros 
0.10 Drl l lod SePt 30 & act 7-8, 1987 
Drllllng ~ o t h o d  Hollcl~ Stem Auger; Core 

Logged BY K.D. Holliwav, J.B. Eercman 
Goologlrt 

BOrOhOlO: W 0 1 1  N o  22-87BR 
G r o u n d  S u r i a c o  E lov r t lon  5930.70' 

Drllllng f l u l d  0.0 - 45.1 '  None; 
45.1' - 110 . 4 '  Water ._. ~ 

C h o c k o d  By 
3110 Managor 

CEARP Y8nag.r 

Commontn Surface casmu set to 43.59' by K.D. Holhway on October 2 ,  1987 

-.A / 
Ltthologtc Doscr lp t lon  

j. 

t 
45.1-49.50' SAMPLE, 
Recovered 3 7/4 5' = 82% 
RQD = 2 6/3 7' = 70% 

' 45 1-45 6' CLAYSTONE dark greenish 
gray (5 GY 4/1), dense, very broken, 

' probably slough 
45 6-47 4' SANDSTONE dark greenish 

' gray (5 GY 4/1), fine-grained, well 
sorted, some moderate brown (5  YR 4/4) 

' iron stains, trace organics, fracture (-80') 
, at 46 5-46 7' filled with iron stains, moist 

47 4-49 5' CLAYSTONE dark greenish 
. gray (5 GY 4/1), dense, no stains, ho- 

mogenous, dry to moist 
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Locat ion m v  Flats Plant, Rxlnd Area BOroholo,  W e l l  N o  22-87BR 
C o o r d i n r t o s  N 36934.99 E 22715.72 Ground  $Uff8Co Elovrt lon 5930.70'  
f o t r l  Dopth 110 .40 '  W r t o r  Levo1 Encountorod 1 2 . 2 '  

Drilllng Comprny  les Bros D r ( l l o r  R. S m  
De10 Drlllod SeDt 30 & k t  7-8, 1987 
Drllllng Mothod HollW stem AUCrer; %m core D r l l l l n g  ~ l u l d  0.0 - 4 5 . 1 '  None; 

Static 5852.04'  (12/01/871 

Holpor 

45.1' - 110.4'  W ater 

Goologlr t 3110 Y8neg.r 
Lo99.d BY K.D. Holllwav: J.B. Chockod by 

CEARP Y a n a g o r  

Comments Surface CaSLncr set to 43.59 '  K.D. Holll~a~ on October 2,  1987 

* .  / 
Lltholo@lc Doacrlptlon 

1 

60.5-64.5' SAMPLE, 
Recovered 3 6/4 0' -5 90% 
RQD = 3 6/3 6' = 100% 
CLAYSTONE dark gray (N 3/0), dense, 
consolidated, homogenous, some carbona- 
ceous debris, sandy from 60 9-61 4', moist 
to wct 

54.5-68.5 ' SAMPLE, 
Recovered 3 3/4 0' = 83% 
RQD = 2 1/3 3' = 64% 
64 5-66 6' CLAYSTONE same as above -. 66 6-67 8' MUDSTONE brownish gray (5 
YR 4/1), very fine-grained, "sulphur-like" 

-.smell when HCl is added, abundant car- 
bonaceous fragments, fragments strongly 

,.react with HCI, cement only slightly re- 
acts when powdered, very hard and 

--dense, dry 

-. 

. 68.5-72.5' SAMPL E, 
Recovered 4 0/4 0' = 100% 

CLAYSTONE brownish black (5 YR 2/1), - -  trace very fine-grained sand, abundant 
organic fragments, moist to wet 

* -  RQD = 3 7/4 0' = 93% 

-. 
72.5-76.5' SAMPLE, 

* -  

*-CLAYSTONE same as above, no sand, _ _  fractures at  76 0' and 76 3' (-45'). moist 

Recovered 3 7/4 0' = 93% 
RQD = 3 7/3 7' = 100% 

to wet 

Samplor  Col loctod or 
Othor T o r t .  Cor formod / 
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/ 
Llthologlc Dorcr lp t lon  

f 

i 

t 

16.5-80.5’ SAM PJ,E, 

RQD = 3 6/4 0’ = 90% 
-- Recovered 4 0/4 0’ = 100% 

--CLAYSTONE same as above 

--TOTAL DEPTH OF HOLE 7850’, AD- 
JUST DEPTH - 
7-, L -- Recovered 3 7/4 0’ = 93% 
RQD = 3 7/3 7’ = 100% 

- m  
78 5-81 5’ CLAYSTONE same as above 

-. 81 5-82 5’ SANDSTONE medium gray (N  
5/0), well sorted, fine to very fine- 

.. grained, rounded, some silt, some organ- 
ics, consolldated, homogenous, moist 

I- 

$SAMPLE. - -  Recovered 4 014 0’ = 100% 
RQD = 3 014 0’ = 75% - -  SANDSTONE medium gray (N 5/0), fine 
to medium-grained, rounded, well sorted, 
consolidated, calcareous cementation from 
86 3-86 5’-strongly reacts wlth HC1, some 
clay layers <1” thick present throughout, 
wet to moist 

-- 
- -  

i 

Samplos  C o l l o c t o d  or 
Othor T o r t s  C o r t o r m o d  / 
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J 

86 5-90 5' SAMPLE 

RQD = 1 3/2 6' = 50% 

gray (N 6/0), f ine  to medium-grained, -- rounded, well sorted, calcareous cement, 
very dense and consolidated, dry 

AND CLAYSTONE sandstone layers 
medium gray (N 5/0), 05" to 2" thick, 
claystone layers medium dark gray (N 
4/0), consolidated, moist - .I. 88 5-89 1' CLAYSTONE medium dark 
gray (N 4/0) with some very thin (<05') 
sandstone layers, same sand as above, 
moist 

-. -- Recovered 26/40' = 6596 

- -- 865-87 1' SANDSTONE medium light 

.- 87 1-88 5' INTERBEDDED SANDSTONE 
-- I- 

- -. 

c 

. -. 
90.5-95 0' SAMPLE, .- Recovered 4 0/4 5' = 89% 
RQD = 3 314 0' = 83% 

STONE medium light gray (N 6/0) sand- 

claystone, sandstone layers 05 to 1' thick, -- claystone layers 0 2-0 5' thick, decrease 
sandstone content with depth, crossbed- 
ded sands, moist to wet 

- -  INTERBEDDED SANDSTONE/ CLAY- 

- stone and medium dark gray (N 4/0) 

- rr 

-- I 

-- -- 
-m -- 
. -- 

0890 0 O f  11 

Locat ion  Bgckv Flats  P lant: !bund Area B o r o h o l o ' W o l l  N O  22-87BR 
~ o o r d i n a t o r  N 36934 99 E 22715.72 Ground  Surtaco E l o v r t i o n  5930.70 '  
Tota l  Dopth  110.40'  W a t o r  L o v o l  Encountorod 1 2 . 2 '  

Drllllng Company myles Bros DrI I Io r  R Shd?33 
0.1. D r l l lod  Seut  30 & oct 7-8, 1987 Ho lpor  v -  WrrItt 

Drllling Mothod  H O l l W  stem m w  -re Drilling ~ l u l d  0 . 0  - 4 5 . 1 '  None; 
Lo99.d BY K.D. Holliwav, J.B. Beruman C h o c k o d  By 

s ta t I C  5852.04 (12/01/87) 

45.1' - 11 0 . 4 '  Water 
Goologirt S l to  Managor  

C E A R P  Yanagor 

Commont r  Surface casma set to 4 3 . 5 9 '  bJ7 K.D. Holliwav on MOM 2 ,  19C7 
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.. 

Locat ion Bprkv -: Iburd & ea ~ o r o h o ~ o ,  W O I I  n o  22-87BR 
Coordlnatoa N 36934.99 E 22715.72 Ground S u r f r c a  E lorat lon  5930.70'  
t o t a l  0 0 p t h  110.40' W a t o r  L o r 0 1  Encountorod 12 .2 '  

Orillins Company Boy les Mos OrIIIer R. S m  
Oat. Orlllod sept 30 & 7-8, 1987 Holpor  T- =- 

static 5852.04'  112/01/87) 

~ r ~ t l l n g  Yothod ~ 0 1 1 ~  Stem Auger; Core orl l l lng Fluid - 4 5 . 1 '  None: k!l' - 110.4' Wa ter 
L0ag.d By K.D. H o l l l w a ~ :  J.B. Chockod B y  

Goologlat Sit. Managor 

C E A R P  Manasor 

commonta face cas~na set to 4 3 . 5 9 '  b K.D. Holliway on October 2, 1987 

Recovered 2 014 0' = 50% 
RQD = I 3/20' = 65% 
INTERBEDDED SANDSTONE/ CLAY- 
STONE same as above with less sand .. content, layers are not distinct gradual 
changes, moist to wet 

102.0- 107.0' SAMPLE 
- 9  Recovered 5 0/5 0' = 100% 

RQD 5 5 0/5 0' = 100% 
* -  CLAYSTONE medium dark gray (N 4/0), 

trace silt, trace carbonaceous fragments, 

/ 
Llthologlc Doscrlptlon 

.D 

a. 

- 9  

a. 

a. 

.. 
-- 
a- 

a. 

i 

II 

Recovered 4 0/4 0' = 100% 
RQD = 2 8/4 0' = 70% 
INTERBEDDED SANDSTONE/ CLAY- 
STONE same as above with claystone 
layer from 97 3-98 7', moist to wet 

- homogenous, consolidated, dense, moist . (picked up one foot of core from last 
run) 

-SAMPLE. 
- -  
=. Recovered 2 0/4 0' = 50% 

.. CLAYSTONE same as above, very bro- 
RQD = 00/20' = 0% 

ken, moist 

TOTAL DEPTH 1 10 40' 
.. 
t 

Samplos Col loctoa or 
Othor Tor ts  Poriormod / 

P.90 " a i  



W E L L  
COMPLETION 
I N F O R M A T I O N  

' 0  

C E A R P  M a n a g o r  

Comment, Surface caslng set to 43.60' by K. D. Holliway October 9, 1987 

r 1  s u r r a c 

* 
-6 nt  or l to  

Filtor kl8tmri8l - 
32-42 Silica Sar 

FiltOr P8Ck 
8.63 Lonath (11 1 

n 2.94 '  

loroholo  
3 iamotor  

th 
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I. 

- ea Boroho lo /Wol l  No Location m d  A r  

c o o r d in a t 0 8 , N g . L 5 ~ , 2 2 8 n 3  - 78 Ground Sur faco Elovat lon 5977 - 34 ' 
T o t a l  Dopth 4 5 . 3 0 '  W a t o r  L o v o l  Encountorod  1 Q . n '  

Drilling Company Bovbs R r n s  Drll lor l7. . T ~ w ~ P  

Date Drlllod July 17-21, 1987 Holpor  .- 
Drllllng Mothod -Sterner Orllllng F lu ld  Nnnp 

Loggod By S .  R D g d ;  K.D. Holliway Chockod By 

Stat ic  5958.39 '  (12/01/871 

GOOlOgl8t Sit. Managor 

CEARP Yanagor  

Commontr 

a / 
Ll tho log i t  Do8cr lpt lon 

1, 

19. 

15 - 

2Q 

Recovered 15 /20 '  = 75% 
0-1 0' SAND dusky brown (5 YR 2/2), 

10-1 5' S I L T Y  SAND dusky yellow (5 Y 
6/4), some gravel, dry 

- f ine-grained, some grass, dry 

- 
- 2.0-4.0' SAMPLE, - Recovered 1 4 / 2 0 '  = 70% 

SAND dusky yellow (5 Y 6/4), f ine-  - grained, some gravel and cobbles, iron 
discoloration, dry 

4 0-5 0' SAMPLE - Recovered 0 9/1 0' = 90% 
G R A V E L  AND SAND same as above, 

j.0-7.0' SAMPLE, 
Recovered 0 4/2 0' = 20% 
G R A V E L  AND SAND light olive brown 
(5 Y 5/6), trace silt, dry 

Recovered 17/20 '  = 85% 
G R A V E L  AND SAND same as above, 

9.0- 1 1 .O' SAMPLE, 
Recovered 0 6/2 0' = 30% 
G R A V E L  AND SAND same as above, 

$amplo8 Col loctod or / Othor TO8t8 ?ortormod 

HNu Backgroundl2 0 
OVA Background~3 0 
Ludlum Background 
= 0 0  

0-2 0' No readings 
over background on 
core 

2 0-4 0' Readings on 
core HNu = 3 0 ,  
OVA = 5 0  

4 0-5.0' Readings on 
core HNu = 50,  
OVA = 7 0  

5.0-7.0' Readings on 
core HNu - 50, 
OVA = 6 0  

7 0-9.0' Readings on 
core HNu = 2 0 ,  
OVA = 5 0  

9.0-1 1.0' No readings 
over background on 
core 

P.9. o i  i 
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- ea B o r o h o l o / W o l l  N o  Location B k v  F l a t s  m- . ?  

~ o o r d ~ n a t o r  N a 6 4 1 5 . 1 5 E _ 2 2 8 n 2 - 7 8  Ground S u r f a c o  Elovat lon 5973 - 74 ‘ 
Total  Dopth 4 5 - 3 0 ’  W a t o r  L o v o l  Encounto rod  1Q.n’ 

Drllllng C o m p a n y  Eov- Dri l lor  l l  .Tarvie 

0.10 Drll lod J d Y  17-21, 1987 Holpor  ,T. 

Drllllng Nothod - 2 ,  Drll l lng Fluld Nnne 

Loggod B y  S.  RDgal; K.D. Holliway C h o c k o d  By 

Stat ic  5958.39’ (12/01/87) 

Goologirt Sit. Managor 

C E A R P  u a n a g o r  

Commonts  

ul 

40 - 

11.0-13.0‘L 
Recovered 0 43/2 O=20% 
G R A V E L  AND SILT moderate reddish 
brown (10 R 4/6), trace fine-grained 
sand, cobble stuck in shoe of barrel, 
damp - 

L 

13.0- 15.0’ SAMPLE, 
Recovered 1 7 / 2 0 ’  = 85% 
G R A V E L  AND SILT same as above with . iron and limonite staining, damp 

1 . 15 0- 17.0’ SAMPLE 
Recovered 1 9 8 / 2  0’ = 99% 

above, damp 
. 15 0-15 25’ G R A V E L  AND SILT same as 

ARAPAHOE FORMATION 
L 

15 25-17 0’ SANDSTONE dusky yellow (5 - Y 6/4), fine-grained, well sorted, iron 
staining, weathered, damp 

J 7.0- 19.0’ SAMPLE, 
/-- Recovered 2 0/2 0’ = 100% 

SANDSTONE same as above, moist 

19.0-21.0’, 
Recovered 2 0/2  0’ = 100% 
SANDSTONE same as above, wet 

21 -0-23.0’ SAMPJ& 
Recovered 2 0/2 0’ = 100% 
SANDSTONE same as above, moist 

r 

Samplor  Col loctod or 
Othor T o s t r  Corformod / 

1 1 .O- 13.0’ Readings 
on core HNu = 5 0 ,  
OVA = 4 0  

13.0- 15 0’ Readings 
on core HNu = 3 0 ,  
OVA = 5 0  

15.0-1 7.0’ Readings 
on core HNu = 2 0 ,  
OVA = 5 0  

17.0- 19.0’ Readings 
on core HNu = 5 0 ,  
OVA = 5 0  

19.0-21 .O’ Readings 
on core HNu - 3 0 ,  
OVA = 5 0  

2 1 .O-23.0’ Readings 
on core HNu = 3 0 ,  
OVA = 5 0  

23.0-25.0’ Readings 
on core HNu = 3 0 ,  
OVA = 5 0  

25.0-27.0’ Readings 
on core HNu = 3 0 ,  
OVA = 5 0  
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- Locat ion  m k v  A r  ea B o r o h o l o / W o l l  N o  R 
Coordinator N 364l.5.15 F: 33- Ground S u r f a c o  E lovat lon  5973 - 34 ' 
Tota l  Dopth  45 30'  W a t o r  L o v o l  E n c o u n t o r o d  1s.n'  

S t a t  IC 5958.39 ' (12/01/87) 
Drll l lng Company Bovlps Rros DrIIIor 

Data Drll lod J d V  17-21, 1987 Holpor 4 
O r l l l l n g  Yotkod  u w  S u e r  Orl l l lng lu ld  Nnnp 

Loggod B Y  S .  mal; K.D. Holliway Chockod By 
Goo log l r t  SIto Managor 

CEARP Managor  

Commont r  

/ f f 
Samplor Co l loc tod  or 

Othmr tomtm Portormod / 
4 "F / / / 

SANDSTONE olive gray (5 Y 3/2), mot- 
tled, weathered, wet 

25.0-27.0' SAMPLE, 
-Recovered 2 0 / 2 0 '  = 100% 

SANDSTONE same as above, wet at 25 6' 

Recovered 1 9/2 0' = 100% 
SANDSTONE same as above, wet 

50 - 

29 0-31 0' SAMPLE, ., Recovered 2 0/2  0' = 100% 
SANDSTONE olive gray (5 Y 3/2), trace .. silt, mottled, weathered, from 29 0-30 3' 
damp, 30 3-3 1' wet 

3 1.0-33.0 ' SAMPLE 
a -  Recovered 2 0/2 0' = 100% 

SANDSTONE same as above with 1/2" 
-D gray clay lenses at 31 8', 32 3'. 32 8', moist 

31.4-33.4' SAMPLE, 
Recovered 2 0/2 0' = 100% 
SANDSTONE dark yellowish orange (10 
YR 6/6) to dusky yellow (5 Y 6/4), 3 5-4 0 
phi sand, well sorted, interbedded sand, .- light olive gray (5 Y 6/1), 3 0-25  phi, 
fairly well sorted, wet to moist 

33.4-35.0. SAMPJ,E, No recovery Drilled 
-- 
--  with center bit 

+ 

27.0-29.0' Readings 
on core HNu = 3 0 ,  
OVA = 5 0  

3 . 0 - 3  1 .O' Readings 
on core HNu = 30, 
OVA = 5 0  

3 1 .O-33.0 Readings 
on core HNu = 3 0 ,  
OVA = 5 0  

' 



LOG 
O F  

B O R E H O L E  

-. 
-. 
- =  

.. 

.. 

- 

ea Boroholo/  W 0 1 1  Wo Location Bpckv mts Pl- . ?  - 
Coordinator N W . l l t l  Ground S u r t a c o  E l o v r t l o n  5 9 z  ?A’ 
Tot81 Dopth 4 5 . 3 0 ’  Wator  L o v o l  Encountorod  l q - n l  

Drllllng Company Bov’ns Dr l l lor  I7 .larvi P 

Date Df l l lod Jdv 17-21, 1987 nolpor J- nupEan 

8t . t l t  5958.39 (12/01/87) 

Drllllng Yothod S t m  e r  Dril l lng Pluld N r n P  

- 
c 36.0-37.0’ SAMPLE, 

Recovered 1 0/1 0’ = 100% 
SANDSTONE same as above, wet 

37.0-380 ’ SAMPLE, 
Recovered 1 0/1 0’ = 100% 
CLAYEY SANDSTONE olive gray (5 Y 
4/1), sand 3 5-4 0 phi, some silt, some clay, 
unweathered, moist 

Recovered 1 3/1 3’ = 100% 

moist 

0-39.3’ SAMPLE, 

- -  CLAYEY SANDSTONE same as above, 

c 

39.3-40.3’ SAMPLE 
Recovered 1 0/1 0’ = 100% 
SILTSTONE olive gray (5 Y 4/1) to olwe 
gray (5 Y 3/2), some clay, some 3 5 - 4 0  -- phi sand, unweathered, moist 

Recovered 1 0/10’ = 100% 
= -  40 3-40 8’ CLAYSTONE olive gray (5 Y 

4/1) trace silt, trace 3 5-4 0 phi sand, un- -- weathered, slightly moist to damp 
40 8-41 3’ SILTSTONE olive gray (5 Y -- 4/1), some very fine-grained sand, some 
clay, unweathered, damp to dry 

.. 4 0 . 3 - 4 1 . 3 ’ &  

Loggod B Y  S.  mal; K.D. Holliway 
Goologlr t  

Chockod By 
Slto Y e n r g o r  

CEARC Yanaeor 

Commontr 

e 

AMPLE, 
Recovered 1 0/10’ = 100% 
SANDSTONE dark yellowish orange (10 
YR 6/6) to dusky yellow (5 Y 6/4), sand 
3 5-4 0 phi, well sorted, trace clay, wet 

t 

bemplo8 Col lo t tod  or 
Othor To.:@ ?o r lo rmod  / 



LOG 
O F  

BOREHOLE 

- ea B o r o h o l o / W o l l  No Locat lon Bry'kv F b t s  PJ.a& r .Ibund A r  R 
C O O r d l n 8 t O S  N 36- E Ground Sur raco  E lovat ion  5973 - 74 I 
Tot81 Dopth 4 5 . 3 0 '  W a t o r  L o v o l  E n c o u n t o r o d  1Q.n' 

Drllllng Company m n s  Dr l l l o r  n -  .Tarvie 

Dato Drll lod July 17-21, 1987 Holpor  4 
Drllllng Mothod U1m St-r Orl l l lng  F lu id  Nnne 

al; K.D. Holliway C h o t k o d  Dy Loggod B Y  S Rog 
Goologlrt SIto Managor 

S t a t i c  5958.39' (12/01/87) 

CEARC Yanagor  

Commontr  

I I / 

e 

- -  
a- 

a- 

m- 

- 

t 

.- 
a- 

- 
. 

. 

- 
.- 
.- 
a- 

a- 

1- 

Samptor CollOCtOd or 
Othor  T o a t r  Cor formod / 

4 1.3-42.3' SAMPLE, - Recovered 0/1 0' = 0% 
SILTSTONE same as above, dry - 
42.3-43.3' SAMPLE, 
Recovered 1 0/1 0' = 100% 

'SILTSTONE same as above, trace very - f int-grained sand, dry 

43.3-44.3' SAMPLE, 
Recovered 1 0/1 0' = 100% 
SILTSTONE same as above, dry 

44.3-45.3' SAMPLE 
Recovered 1 0/1 0' = 100% 
SILTSTONE same as above except more 
sand, dry 

TOTAL DEPTH 45 30' 



W E L L  
COMPLETION 
I NFORMAT ION  

C0ordln.t.s 36415.15 E 22802.78 
T o t a l  D o p t h  W o i l  3 7 * 8 5 '  

W o l l  No 23-87BR 
El8VatiOn G r o u n d  S u r f a c e  5977.14 '  

T O P  of C a s i n g  5974.49' 
~ o r o h o l o  4 5 - ? 0 '  

I F o r m a t l o n  of C o m p l o t i o n  Arapahoe Formation 
C a s i n g  Mato r ia l  5 .  tWe 3 16 "E'J stamless c a r i n g  D iamotor  7 "  m 
S c r o o n  M a t o r i a I ~ O "  w 3 r e  waD. t 316 TFJ Sur faca  C a s i n g  D lamotor  5" ID 
D a t o  I n r t a l l e d  Julv 74 .  1987 s~Bess A p p r o v o d  B y  
Ins ta l l od  BY K.D. Holliwav Sit .  M a n a g o r  

steel 

G o o l o g i s  t 
C E A R P  Managor  

C o m m o n t r  

2.90' 

32-42 Silica 

S r  I ,D 
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L O G  
O F  

BOREHOLE 

-. 

Location Rocky Flats Plant, Solar Pond Area ~ o r O h o l O / ~ O l l  N~ 37-87 
Coordtnr tor  N 175fl7.1L E p7119.81 Ground S u r t a c o  Elovatlon 5967 .03' 
Total  Dopth 13 0 '  W a t o r  L o v o l  Encountorod None 

Drllllng Company B o y l e s  Bros  Dr i l l o r  'I' High 
Oat. Drlllod October 26, 1987 Holpor  B Keenev 
Drllllng Yothod Hollow Stem Auger Drllllng Fluld None 

stat ic  5962.42' (4/18/88) 

- -.Recovered 0 813 0' = 27% 
C L A Y E Y  G R A V E L  same as above 

7.0-9.5 ' SAMPJ.E, 
-- . .- 
P -- - -Recovered  2 512 5' = 100% 

--brown ( 5 Y R  516) to a moderate brown 
(5 YR 4 / 4 )  sand, well-sorted and range 

- - ( 2 0 - 1  5 mm) to 0 5 - 0 0  0 with gravel 0 2 5  
mm to 1 5  mm and scattered large size, 

--medium dense, weaklv cemented, moist 

70-85' SAND AND G R A V E L  llght _- -- 
.I- .- 
-I -- 

Loggod By  R. Trent Chockod  B y  
Ooologl r t  $It. Yaramor 

C L A W  Manamor 
Commontr 

5 - 

10 - 

3 

20 - 

ARTIFICIAL FILL/DISTUR BED 

0.0-2.0' SAMPLE 
Recovered 1 1 1 1 2  0' = 70% 
G R A V E L  A N D  SAND moderate brown 
( 5  YR 3 / 4 )  to grayish brown (5 YR 3/2), 
medium aiid coarse sand with small 
gravel ( 0 5 5  mm to 2 2 5  mm), subangular, 
angular and few subrounded, weakly 
cemented, l ight,  moist 

m-4.0' SAMPLE 
Recovered 1 7 / 2 0 '  = 85% 
2 0 - 2 7 '  G R A V E L  A N D  SAND same as 

2 7-3 7' CLAYEY G R A V E L  reddish 
brown, weakly to moderately cemented, 
poorly sorted, angular and subangular 
gravels, f ew rounded, slightly calcareous, 
light moist 

--- 

Samplor Colloetod or 
Othor f o r t r  Portormod 

HNu background-0 6 
O V A  background = 
2 6  
L u d 1 u m ba c k gr ou n d 
= 0 0  

2.0-3.7' Readings in 
augers HNu = 0 2 ,  
O V A =  3 2  

,890 O f  2 



LOG 
OF 

BOREHOLE 

-- 
-- 

e 

8 5-9 5' CLAYSTONE light gray  (N 7 / 0 )  
medium plastic, very calcareous in npper 
12" to  slightly calcareous, streaked and 
highly ef  fervescess with HCI massive 
blocky, weathered, moist 

9-5-13.0' SAMPJ F - -  Recovered 3 5 / 3  5' = 100% 
CLAYSTONE light gray (N 7 / 0 )  t o  vary-  -. ing brownish gray, slightly oxide stained, 
blocky, massive, highly to moderately - -  plastic,  weathered, moist 

TOTAL DEPTH 130'  

Locat ion  Rockv Fla ts  P l a n t ,  Solar Pond A r e a  ~ ~ ~ ~ p , ~ l ~ / ~ ~ l l  )to 37-87 (cont'd.) 
COOfdlnr lO8 N 175n7.11r E 3 7 1 1 9 . 8 1  Ground Surfaco E lovat lon  5967.03' 
T o t a l  Depth 13 0 '  Wator L o v o l  Encounto rod  None 

Drllllng Company Boyles Bros D r \ l l o r  T High 

Drlll lng Yothod Hollow Stem Auger Drllllm@ F l u l d  None 

Statle 5962 42' (4/18/881 

Dm10 Drlllod October 26,  1987 n0ip.r B. KeeneY 

Chockod  B y  
alto Maramor 

Commortm 

a 5 - 

10 - 

a 

- 20 

f 

t 

ARAPAHOEFORMATION 1 



W E L L  
C O M P L E T I O N  
INFORMATION 

C o m m o n l r  

t B o n t o n i t a  

Fl l tor  M8tOr l8 l  - 
32-42 S i l i c a  Sal 

Flltor C i c h  

[k B 8 c  k f 111 

n .. 
T o o  of  Car ina  7 , 0 1 1  

Ground S u r t 8 c o  
1 1 1 1 1 1  / I  

8 i c  t 1 Ill Y t 0rl.l toni te  Pellets  
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Completed as well? No 
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H y d r a u 1 1  c Con d 11 c t i v 1 t y Test Data 
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Saturated Thickness Hydrograph 

ORIGINAL PROCESS WASTF LINES CLOSURF CHARACTERIIATION REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



L O G  
OF 

BOREHOLE 

Loeat lon  Rocky F l a t s  P l a n t ,  Solar Ponds Area B o r a h o l a / w a l l  N~ 37 - 8 7 ~  
C o o r d l n r l a r  * N 17501 E 7 3 1 3 0  Ground S u r l a c a  E l a v r t l o n  *5967' 
T o t a l  D a p t h  JL.5' W a t e r  L m r a l  t n c o u n t a r a d  None 

Drllllng Company Bovles Br os D r l l l o r  T. H W  
Oat. Drll lad  O c t o b e r  76. 1987 no lpor  R -  Keener 

Drllllng Yathod Hollow Stem Aueer D r t l l l n s  Cluld None 

I S t r t l c  N/* 

I 

Loa0.d B Y  R.  T r e a t  
O.OlO@lOt 

Conrortr B o r e h o l e  b a c k f i l l e d  w i t h  P o r t l a n d  Type I Cement. 
* C o o r d i n a t e s  and e l e v a t i o n  e s t i m a t e d  from t o p o g r a p h i c  map. 

amplor Colloctod or 
Lltholo@lc Oorcrlptlon hor f o r t o  Por fornod  

I 
TI F IC I A L F &kI DISTURBED 

0 0-2.0' SAMPLE 
Recovered 1 312 0' = 65% 
SAND AND GRAVEL moderate brown 
(5 Y R  4 / 4 )  to grayish brown (5 Y R  3/2)  
w i t h  sand ranging from 30-1 5 0 and 
finer-grained. gravel (0 75 m m  to 4 5 mm), 

5 angular and subangular, poorly sorted, 
weakly cemented w i t h  scattered cobbles 
to 2'. light moist 

2 0 - 4 . 0 ' ,  

10 

15 

20 

Recovered 1 0 / 2  0' = 50% 

above 
2 0-2 5' SAND AND GRAVEL same as 

ROCKY FLATS ALLU VIUM 

HNn backgrounds0 6 
OVA Bachground = 
6 2  
Ludlum background 
= 0 0  
No readings above 
background 

2 5 - 3 0 .  CLAY AND GRAVEL dusky . brown (5 Y R  2/2).  varying browns with 
fine-grained sand, gravel angular to 
subangular, few rounded, calcareous, 
moderately cemented, low plastic, lrght 
n r 0 l S t  

a .  L 4.0-7.0' SAM PLE, 
Recovered 0 3/3  0' = 10% 
CLAYEY SAND AND G R A V E L  -- .- -D moderate yellowish brown (10 Y R  5/41 
slough, fine to medium-grained sand w i t h  

. - 



LOG  
OF 

B O R E H O L E  

L o c r t l o n  Rocky F l a t s  P l a n t ,  S o l a r  Ponds Area B o r o h o l o / w o l l  N~ 17 -87A (cont Id. ) 
C o o r d l n r t o r  * N 17501 E 33130 Ground  S u r t a c o  E l o v r t l o n  *5967' 
T o t a l  D o p t h  JL.5' W a t o r  L o v o l  E n c o u n t o r o d  None 

Drllllng Company  B o v l e s  B r  os D r l l l o r  T. U P h  - 

nolpor R -  Keenev 0.10 Drl l lod October 26, 1987 

Drllling Yothod Hollow Stem Auner Oriilin@ Fluid None 

, 
I 

stat rc  N/A 

Logged BY R Treat 
Qoologirt  

Chockod BY 
8ito Yara)or 

I 

C L A l C  Marreor 
Comn.ntr B o r e h o l e  b a c k f i l l e d  w i t h  P o r t l a n d  Type I Cement. 

*Coordinates  and e l e v a t i o n  estimated from topographic  map. 
I 

/ 
Lltkologlc Dorerlptlon 

t 

c 

7.0-9.5' SAMPLE, 
Recovered 1012 5' = 40% 
SAND AND GRAVEL light brown (5 Y R  
516). 1 5 - 1 0  mm, gravel t o  2 7 5  mm, 
subangular to angular, weakly cemented, 
poorly sorted, moist 

9.5- 12.0' SAMPLE 
Recovered 0 012 5' = 0% 

$2.0-14.5' SAMPLE 
Recovered 0 0 1 2 5  = 0% 

TOTAL DEPTH 1 4 5  I I 

S r m ~ l o s  C o l h c t o d  or 
Othor t o r t ,  Portormod / 
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Completed as well? Yes 
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Packer Test Data and Results - 
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Saturated Thickness Hydrograph 

ORlGlNAL PROCESS W A S W  1 INES CLOSURF CHARACTERPATION REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



LOG 
OF 

BOREHOLE 

~ o c a t i o n  Rocky F l a t s  P l a n t ,  S o l a r  Pond Area B o r ~ h o l ~ / w ~ i l  N o  38-87 

T o t a l  Dopth  1 4  0' W a t o r  L o v o l  E n c o u n t o r o d  None 

Drlll lnq Company  B o v l e s  Bros  Dr l l l o r  T Hwh 
D 8 t o  Dri l lod O c t o b e r  2 7 .  1987  

Dr i l l ing Mothod  & d & w  Stem &el- Drilling Fluid &rp 
L o g g o d  By R- ~~~~t 

G r o u n d  Sur faco  E iovat ion  5971 - 7 9 '  C o o r d i n a t o r  37370 70 E 7 3 0 7 0 . 5 1  

s t a t i c  Dry (4/18/88) 

~ 0 1 p . r  B Keeney 

C h o c k o d  B y  
SIto Y a r a a o r  

C E A R C  Manmaor 

O.ol0gi.t 

Commont r  

1, 

10 

15 - 

20 - 

ARTlFlCIAL F ILL/  D lSTURB E D  

0 0-2 0' SAM PLE 
Recovered 0 812 0 = 45% 
G R A V E L  A N D  SAND very pale orange 
(10  Y R  8 / 2 1  to dark brown w i t h  gravel 
subangular, angular ( 0 5  mm to 3 2 5  mm) 
with possible scattered cobbles, f ine-  
grained sand, weakly cemented, light 
moist 

2.0-4 0' SAMPLE 
Recovered 0 812  0 = 45% 
G R A V E L  sliglitly sandy to very sandy, 
sand range ( 3 0 - 2 5  0) to ( 2 5 - 1  0 0) with 
gravel ( 0 7 5  m m  to 3 2 5  mm), angular. 
calcareous, weakly cemented subangular, 
well to poorlv sorted, light moist 

ROCKY FLATS ALLU VIUM 
---- 

4 0-7 0' SAMPLE -_-_ ---- ---- 
Recovered 1 213 0 = 40% 

---- ---- SAND A N D  G R A V E L  light brown (5 Y R  
516) to pale brown (5 YR 5 / 2 )  with sand 
( 3 0 - 2 5  0) and scattered sands ( 1  5 - 1 0  

---- ----  ---- ---- 
---- ---- ---- ---- ---- ---- 

miii), gravel (0  25 mm to 2 00 mm). weakly 
cemented. poorly sorted, angular- 
subangular gravel,  light moist 

t t t  

11 N u ba c k g r 011 n d-0 4 
O V A  background = 
0 6  
L u d 1 u m ba c k g r ou n d 
= 0 0  
No readings above 
background 

I I I TOTAL DEPTH 1 4 0  



W E L L  
C O M P L E T I O N  
I N F O R M A T I O N  

C o m m o n t r  

Ground Surtrco 

7 
S u r t r c .  Seal- 
M a t o r i a l  

P o r t l a n d  Tvpe I 
Cement 

S u r t a c o  

Filtor Mator ia l  - 
3 2 - 4 2  S i l i c a  Sa: 

B a c k  fill iz 

r l  .. 

r i  r i  

or .  h o l o  
18rnoto r  

I 
7 5" 

I 
W O l l  T o t a l  11-1 e ~ p t h  (11.1 

IT 
14 .OO 

S c r o o n  
L o n g t h  

B o r o h o l o  
T o t a l  D.,th 
( f t  1 

B a c  k f l l l  M a t  or 1.1 tonite  P e l l e t s  



L O G  
OF 

BOREHOLE 

Locatlon 

Coordtn8 to8 

Total  Dopth  

Drllllng Company 

0.10 Drll lod 

Drilllng Yothod  

Loggod By 
GOOlOgl8t 

Boroholo /Wol l  No 19 - 8-08 - 87 (Con 't.) 
Ground Surfaco E lovr t lon  

W ator  Lovo l  f n e o u n t o r o d  

S t r t l e  

DrIIIor 

n o ~ p o r  

Orl l i lng Fluid 

Chockol  By 
SIto Urnragor 

CLARC Managor 
Commonts 

I I / 

Sampl.8 Colkoctod or 
Othor t o r t 8  P o r t o r n o d  / 

"I I I I 

c Recovered 2 012 5 = 80% 
SANDSTONE light gray ( N  7 / 0 )  to - severely oxide stained brown. f lne-  
grained sand ( 3  0-2 5 0). weakly cemented - massive, slight clay binder weathered 

Recovered 2 $12 5 = 1 f ) O p ~  
C L A Y E I  SANDSTONE varviiig o\ide 
( F e )  browns to grays, fine-grained sand os . above, massive, weakly cemented, 

/ weathered. nioist 

- 11 5-14.0' SAMP1.E 
Recovered 1512 5' = 60% 

-CLAYEY SANDSTONE as stated above 
continired moderately oxide stained, 
w ea t h e red 

1 4 .O- 16.5' SAMPLE 
Recovered 2 012 5' = 80% 
CLAYEY SANDSTONE light gray ( N  
7/0) to severely oxide stained brown, 
sand ( 3 0 - 2 5  0), massive, low plastic, 
weakly to moderately cemented, 
weathered, moist 

16.5-19 0' SAM PLE 
Recovered 2 312 5 = 92% ---- 

-CLAYEY TO VERY CLAYEY SAND- 
STONE oxide starued brown to light 
gray low plastic massive, weakly 
cemented, weathered, moist 

aeQI Readings In 
augers HNu = 0, 
OVA = 28 

Pa90 of 19 



L O G  
OF 

BOREHOLE 

Locat ion B ~ r ~ h O l ~ / W o l l  N O  19 L R 7 R R @ n R  - 87 l r p Q  't 
Coord lna to r  Ground Surtaco E lovat ion  

Total Dopth Wator  L o v o l  E n c o u n t o r o d  

Stat ic  

Drll l ing Company Drl l lor  

D a t ~  Drtllod H o l p o r  

Drll l lng Yothod Dri l l ing Fluld 

Loggod B Y  C h o c k o d  By 
Gooloelst  SIto Yanaeor  

C L A I ?  Ymrmaor 
Cornmonts 

e -  Recovered 1 4 1 2  5' = 56% 
CLAYEY SANDSTONE moderately oxide - -  stained to liglit gray ( N  7 / 0 )  massive, 
I ine-grained, weathered, moist - 
21.5-24 0' SAMPLE 
Recovered 1812 5 = 72% 
CLAYEY SANDSTONE light gray ( N  
710) to severely oxide stained brown, low 
plastic sands ( 3 5 - 3 0  0 to 2 5 - 2 0  0), 
weakly cemented, massive, moist 

-- 

24 0-26.5 S AMPLE 
Recovered 1212 5 = 60% 
24 0-25 0' CLAYEY SANDSTONE as 
noted above moist  
25 0-25 2' CLAYSTONE medium gray ( N  
4 / 0 ) ,  massive, blocky, remaining slightly 
sandy ( 3 5 - 3 0  0). low plastic, weathered 
moist 

26.5-29 0' SAMPLE 
Recovered 2 S I 2  5 = 100@'" 
CLAYSTONE medium grav ( N  7 ' 0 )  
massive inediuni p la s t i c  slielitl\ b!och \ 
now onlv slightlc o l t d e  s t a i n e d  111 s t l e a k 5  
at 28 5 and 28 8 for 2' streaks 

B.0-31 .5  SAMPLE, 
Recovered 1 3 / 2  5 = 52% 
SANDY CLAYSTONE as noted above 
but now moderately oxide (Fe)  stained, 
massive, medium plastic, weathered, 
moist 

t 

Samplos Col loctod or / Othor T o r t r  ? o r l o r m o d  

u / 
L l tho loe ic  Doscr lpt lon  

50.10-59.75' Packer 
Test liiterva! #10 

59 75-69.40' Packer 
Test Interval # 9 



L O G  
O F  

BOREHOLE 

Drllllng Company 

Dato Drll lod 

Drllllng Mothod 

Loggmd By 
0 oologls t 

CEARC Yana#or 

Commorts  

85 - 

- 90 

100 - 

. 
413-454  SAM r L E  

I -  Kecovered 16814 10' = 41% 
RQD = 1 0 4 / 1 6 8 '  = 62% 

m -  41 3-41 8' CLAYSTONE PLUG 
41 8-42 35' SILTY CLAYSTONE dark .- gray ( N  3 / 0 )  to olive black ( 5  Y 2 /1 ) ,  
some very fine-grained sand, well sorted, 

'- unconsolidated. blocky, soft to medium 
hardness, damp 

STONE olive black ( 5  Y 211),  sand very 
f ine-grained ( 3  5-4 0 a), well sorted, 

.I.I consolidated, blocky, medium hardness, 
some organics, damp 

IC 4235-4405 '  SANDY SILTY CLAY- 

95 4-49.5' SAMPLE 
Recovered 4 1014 10' = 100% 
ROD = 3 5514 10' = 87% 
SANDY CLAYSTONE olive gray (5 Y 
4 / 1 )  to olive black (5 Y 2/1) ,  sand very 
fine-grained ( 3  5-4 0 0), well sorted, 
occasional lenses of a coarser grained 
sand ( 3 0 - 2 5  0). pinkish gray ( 5  YR 8 / 1 )  
increasing down core when get into sand- 
stone /c la  ystone inter beds, consolidated, 
hard, at 4580'  have a leaf imprint. occa- 
sional organics throughout core, damp 

amplo. Colloetod of 
-a 

Lltholo@le  Doocr lpt lon hor Toots  C o r t o r n o d  

80 

79 05-88.70' Packer 
l e s t  Interval # 7 

88 70-98.35 Packer 
Test Interval # 6 

98.35-108.00' Packer 
Test Interval # 5 



LOG  
O F  

BOREHOLE 

Locat lon Boroholo /  W 0 1 1  N O  39-87BR/SP08-87 (con't ) 
Coord ina to r  Ground Sur faco Elovat ion 

T o t a l  Dopth W a t o r  L o v o l  Encounto rod  

Stat ic  
Drllllng Company Dr l l lor  

D a t o  Drlllod Holpor  

Drll l ing Mothod Dr l l l lng  F lu ld  

Loggod By 
Goologlet 

Commontr  

120 - 

c 

c 

c 

I. 

.I- 

C 

-L 

49.5-54.0 SAMPJ.E, 
Recovered 4 2014 50' = 93 30% 
ROD = 2 7013 90' = 69% 

gray (5  Y 3/2) ,  cuttings from above, 
moist 

gray ( 5  Y 411) to olive black (5 Y 2/1) ,  
same as 45 40-49 50' interval, at 52 25' 
have some fine-grained sand stained dark 
yellowish orange (10 Y R  616) lenses of  
fine-grained sand increase down core, at 
53 5 -54 0 clay IS predominant, damp 

49 5-50 7' SANDY CLAYYTONE Olive 

50 7-54 0' SANDY CLAYSTONE olive 

54 0-57 0 SAMPLE 
Recovered 3 313 0 = l lOmo 

SANDk ( LAYSTONE same a5 a b o l e  
w i t h  nodules of verv pale orange (10  1 R 
8 /21  c l a v  a n d  v e r v  f i n e - e i n i i i e d  5alld i n  

c i e a s i n g  down c o l e  a t  50 2 2  I i a ~ e  It 1 1  
i m p r i n t  less fine-grained sand lenses 
damp 

KQD = 2 4513 30 = 74% 

57.0-6 1.0' SAMP J *Et 
Recovered 4 014 0' = 100% 
RQD = 4 014 0' = 100% 
SANDY CLAYSTONE same as qbove 
w i t h  more fine-gralned sand lenses. clay 
nodules still present. more organics than 
above, clay increases down core w i t h  
60 0-62 0' mostly clay, damp 

61 0-65.0' SAMPLE, 
Recovered 0 014 0' = 0% 
Lost core 

Samploa Co l loc tod  or 
Othor T o e t e  Porformod / 

108.00 -117.65 Packer 
Test Interval # 4 

$15.65 -125.30 Packer 
Test Interval # 3 

117.65-127.30 Packer 
Test Interval # 2 

J22 .68-13235 ' Packer 
Test Interval # 1 



L O G  
OF 

B O R E H O L E  

Loc8t lon Boroholo /wol i  N O  39-87BR/SP08-87 (con't.) 

f o t r l  Dopth 
Ground S u r r r c o  E l o r r t l o n  

W8t . f  L o v o l  Encounto rod  

C o o r d l n r l o r  

st8t lC  

Drllllng Comp8ny Drl l lor 

Holpor Data Drll lod 

Dr l l l ln# Fluld Drll l lng Yothod  I 

65 0-66 0' SAMPLE, 
Recovered 1 5 / 1 0 '  = 150% 

CLAYSTONE light greenish gray ( 5  C Y  
411) to  dark greenish gray ( 5  GY 211) 
f rom 65 0-65 3'. rest o f  core olive black (5 .- Y 2/11. t iace  very fine-grained sand, cere  
mangled f roni drilling. appears un- - -  consolidated and blocky, damp to moist 

,_ RQD = 0% 

66 0-70.0 S AMFLE 
Recovered 50t40 '  = 125% 
R U D  = 2 6/5  0' = 52% 
660-675 CLAYSTONE olive black (5 Y 
2 / 1 )  to browiiish black ( 5  \ R  2/1) ,  t race  
silt and very fine-grained sand, some 
organics,  blocky, consolidated. damp 
6 7 5 - 6 8 5  CLAYSTONE olive black (5 Y 
2/11 to brownish black ( 5  YR 2/11, t race  
silt and very fine-grained sand, some 
organics blocky, consolidated. damp 
6 8 5 - 6 9 5  CLAYSTONE olive black ( 5  Y 
2/1)  to greenish black ( 5  GY 2/1) to black 

I (N l/OA t race  silt. blocky, damp 
69 5-70 0' CLAYSTONE medium bluish - gray ( 5  B 5 /1 )  to medium gray ( N  5/01, 
highly plastic,  block, moist 

7 0 0 - 7 3 0  SA MPLE 
Recovered 0 6 / 4  0 = 15% 
RQD = 0% 
CLAYSTONF olive black ( S  \ 2 1 )  In 
medium dark grav ( N  4/01 b l o c b r  
homogenous plastic damp 

t 



LOG 
O F  

BOREHOLE 

.. 

Locat ion 

C o o rd ln r  t o s  

Total  Dopth 

c 

.I. 

a-  

a. 

.. 
. 
-. 
.- 

Drlll lng Company 

D i t .  Drll lod 

Drllllng Yothod  

Loggod By 
~ O O l O # ~ 8 t  

= -  

' 

~ o r o h o l o ~ ~ o i i  N O  39-87BR/SP08-87 (con't ) 
Ground  Sur faco E l o v r t l o n  

W o t o r  L o v o l  Encounto rod  

s ta t I C  

DfIIIor 

Holpor  I 

Drl l l lna  Fluld 

Chock** B y  
SIto Yaaaaor 

C t A R ?  Mrao@or  

silt some organics trace very fine- 
piained sand iuterbeds. homogenous, 
blocky. mediuiii hardness, damp . 
80 0-82 0' SAMPLE 
Recovered 2 6 2 / 2  01 = 132% 
ROD = 1 6 2 / 2  62' = 62% 

- - S A N D Y  CLAYSTONE olive black ( 5  Y 
2/  J ), some very f ine-grained sand, poorly -- sorted, subangular to subrouiided f ine- 
groiiied sand occurring i n  lenses and 
interbeds, some silt, some organics, small .- coal seams, blocky, fatrly homogenous, 
niedium hardness, damp 

I I / 

740-76.0 SAM P1.F 
Recovered 3 8512 0' = 193% 
RQD = 2 2 6 / 3 8 5 '  = 59% 
Picked up 185 '  from previous r u n  
7 2 1 5 - 7 4 0  CLAYSTONE olive black ( 5  
Y 2 / 1 )  w i t h  lenses of black (N l/O), 
blocky, homogenous. plastic, damp 
7 4 0 - 7 6 0  CLAYSTONE olive black (5 Y 
2 / 1 )  to medium gray ( N  5/0), blocky, 
homogenous, plastic, damp 



LOG 
O F  

BOREHOLE 

STONE INTERBEDS olive black (5 Y 
- - 2 / 1 1  to dark gray ( N  3/01, sand very fine- 

grained to fine-grained, poorly sorted, 
.-occurs i n  lenses aiid interbeds, occasional 

stringers of coal i n  small fractures w i t h  
no orientation, some silt. some organics, 
consolidated medium hardness from 
8 3 0 - 8 4 0  have small  lenses of fai i lv well .- sorted fine-grained (3 0-3  5 0) sand 
subiounded, quartzitic. vellowish el a \  ( 5  -. Y 811) damp w i t h  sand lenses moist 

L o c a t i o n  

C o o r d l n r  to8  

T o t a l  D o p t h  

e:m 

Drlll lng Company 

0.10 Drlllod 

D r l l l l n 9  Yothod 

Loggod By  
~ O O l O g l 8 t  

84 0-86 0 SAhIPLE 
Recovered ? 0 / 2 0  = 100% -. RQD = 1 7 6 / 2 0 ’  = 86% 
SANDY CLAYSTONE olive black (5 Y .- 2 / 1 )  to dark gray ( N  310) w i t h  yellowish 
gray ( 5  Y 8/11 fine-grained sand lenses -- occasional, poorly sorted, occasioiial 
stringers of coal, some silt, some organics, -- consolidated, damp 

. 0-88 0’ SAMPLE 
Recovered 2 012 0‘ = 100% 
RQD = 2 0 / 2  0’ = 100% 

. - S A N D Y  SILTSTONE same as above 
except less sand, no coal stringers, damp 

B o r o h o l o / W o l l  N O  39-87BR/SP08-87 (con’t ) 
Ground Surraco E l o r a t r o n  

W a t o r  L o v o l  L n c o u n l o r o d  

s t 8 t i C  

Dri l lor  

n0ip.r 

Drl l l ln@ Fluld 

Choak.0 By  

, 

$It. Maramor 

C t A l ?  maromor 
Commontr 

/ / 



LOG 
O F  

BOREHOLE 

-- 

_ _  

L o c a t i o n  B o r o h o l o /  w 011 N O  39-87BR/SP08-87 (con’t.) 
C o o r d l n r t o r  

Tota l  Doptk 
Ground S u r t a c o  Elovatlon 

W a t o r  L o v o l  E n t o u n t o r o d  

stat ic  

Drllllng Company Drl l lor 

H o l p o r  

Drll l ing r l u l d  DrllllnB Mothod 

Chocked D y  L0gQ.d BY 

0810 Drlilod 

0 olo gla I &It. Yarasor  

C t A R P  Waromor 
~ o n n o r t a  

88.0-92 0’ SAMPLE, 
Recovered 4 014 0 = 100% 

.. RQD = 3 63 /4  0’ = 91% 
88 0-91 0 SANDY SILTSTONE olive 
black ( 5  Y 2 / 1 )  and dark gray ( N  3 / 0 ) ,  
some c lay,  lots of  silt ,  some very f ine -  .- grained fa i r ly  well sorted sand w t t h  
lenses of a fine-grained, well sorted sand, -- damp 
91 0-92 0 SILTY SANDSTONE olive 
black (5 Y 2 /1 )  w i t h  yellowish gray (5 Y 
8 / 1 )  to pinkish gray ( 5  YR 8/1) f ine-  

= -  grained sand, fa i r ly  well sorted, sand i n  

lenses and interbeds, some c l a v  some 
* -  organics small planes of lamiiiation 

present i n  sand lenses, consolidated, -. damp 

I 

I 

.- 

- =  

-- 
+:. 

I I / 

I- 

92.0-96 0’ SAMPLE 
= -  Recovered 4 0 / 4 0  = 100% 

RQD = 3 83 /4  0’ = 96% 
92 0-94 25’ SILTY SANDSTONE olive 
black ( 5  Y 2/1 )  to yellowish gray (5 Y 
8 /  I). v t r v  f ine-grained to f ine-grained 
sand, fa i r ly  well sorted some planes o f  -- lamination. less silt aiid c lav than above 
soine occasional organics, consolidated 
damp 

SANDSTONE same 3 s  above w i t l i  f i n e i -  

95 2-960 SILT? SANDSTONE snine 4 ~ s  

94 25-95 2 SAND1 SILTSTONE/SILT\ 

..- grained sand, damp 

-I 91 0-94 25 dnmp 

t 



L O G  
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BOREHOLE 

._ 
-. 
-- 

Locatlon Boroholo/  W 011 N O  39-87BR/SP08-87 (con't 1 , 
C o o r d l n r t o s  G r o u n d  S u r f a c o  Elovatlon 

T o t a l  Dopth W a t o r  L o v o l  Encountorod 
e 

stat ic  
O r  llllng C o mpan y D r l l l o r  
Oat. Drlllod Ho lpor  

Orllllng Yothod Drll l lng Fluld 
Loggod B Y  Chock04 By 

~OOlO#lDt  Slto Yora@or  

CLAW Uanaemr 
COmmontD 

9 6 0 - 1 0 0 0  SA MPLE 
Recovered 4 314 0' = 107% 
ROD = 4 0 / 4  3' = 93% 
96 0-97 35' SANDY SILTSTONE olive 
black ( 5  Y 2/1) ,  very fine-grained sand. 
fairly well sorted i n  siltstone matrix, 
some clay, some organics, some laminatron 
planes, consolidated, at 96 10-96 50' and 
97 2-9735'  have lenses of a light olive 
grav (5 Y 6/11 to olive black (5 Y 2 / 1 ) ,  
fairly well sorted, moist, fine-grained 
sand. damp - -  9 7 3 5 - 9 9 0  SILTSTONE olive black (5 Y 
2 / 1 ) ,  very fine-grained sand yielding to 

= -  claystone downcore and disappearing at 
98 85', consolidated, some clay, lots silt. 

*- occasional nodules of gravish orange (10 
Y R 7 / 4 )  clay, proniinent from 97 35-98 0', 
5ome organics. damp 
9 9  0-100 0' CLAYEY SILTSTONE olive -- black ( 5  Y Z / l ) ,  trace very fine-grained 

- D  sand, lots of silt, lots of clay, consoli- 
dated. soine organics, occasional grayish _ _  orange (10 YR 7/4)  nodules of  clay, 
da my 

c 

+ 

/ 
Llthologlc 00a;rlptlon 

t t  

i 
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BOREHOLE 

9 -  - -  
9 -  9. 

- - -  

Locat ion  f ~ o r o h o i o / ~ o i ~  N O  39-87BR/SP08-87 (con't ) 
C oordinator Ground Surfaco E l o v r t l o n  

t o t a l  0 0 9 t h  W a t o r  L o v o l  E n c o u n t o r o d  

Orllllng Company  

b a t 0  Drlllod 

Drllllng Yothod 

Sta t lc  

DrIIIor 

H o l p o r  

D r l l l l n g  Fluld 

Chockod B I  
8lto Manamor 

Commonto 



L O G  
OF 

BOREHOLE 

L o c a t i o n  B o r o h o I o / W ~ l l  N O  39-87BR/SP08-87 (con't.) 
C o o r d l n r t o r  Ground Surtaco E l o r r t l o n  

t o t a l  Dopth W r t o r  L o v o l  E n t o u n t o r o d  I 

Drllllng Company 

D.1. Drll lod 

Drllllng Yothod 

Commontr  

I 

' 0  

.. 
Lltholoelc 008erlptlon 

t 

i 
108 0-ll? 0' SAM PLE, 
Recovered 3 914 0' = 98% -- R Q D  = 3 4913 9' = 89 S% 
108 0-110 0' SILTSTONE olive black (5 Y 

_ c  211), some very fine-grained sand, some 
clay,  some organics, fairly homogenous, .- consolidated. hard, more sand down core, 
damp -- 110 0-111 90' SANDSTONE dark greenish 
grav (5  G 4 / 1 )  to greenish gray (5 G Y  - -  6/1) w i t h  some yellowish gray (5 Y all), 
very fine-grained ( 3 5 - 4 0  0) to f ine-  
grained ( 3 0 - 2 5  0) fairly well sorted 
subangular to subrounded. some silt, t iace 
clay,  some leaf and plant stem organics. 
increases down core, sand fines as goes 
down core w i t h  occasional lenses of  the -- 

-- coarser grains, massive, damp to moist 

t 

Sanmlos Col loctod or 
Othor  t o 8 t r  ?ortormod / 



LOG 
OF 

BOREHOLE 

L o c r t l o n  Boroho lo /W . l l  N O  39-87BR/SP08-87 (con't 
C o o r d l n r  tom G r o u n d  S u r t r c o  E l o v r t l o n  

T o t a l  D o p t h  W r t o r  L o v o l  E n c o u n t o r o d  

Drl l l lng C o m p r n y  

D r t o  Dr l l lod 

Dr l l l lng  Mothod 

Loggod By  
O o o l o g l r t  

Commocltr 

/ / 
L it h 0 lo g IC D s ;rip t io n 

I 

112.0-116.0' SAMPJ.F., 
Recovered 467140 '  = 117% 
RQD = 3 23/4  67' = 69% .- 112 0-112 5 SANDY SILTSTONE olive 
black ( 5  Y 2 /1 ) ,  40% silt. 40% organics,  -- 20% sand, consolidated, damp to moist 
112 5-115 75' SANDSTONE greenish gray 

* -  ( 5  G Y  6 / 1 )  to dark greenish gray (5 G 
4/1) with some yellowish gray ( 5  Y 811), - -  fine-grained ( 3  0-2 0 0) to medium- 
grained ( 2 0 - 1  5 0) sand, f ining down -. core ,  occasional lenses of  c lay and silt 
associated with organics occurring 
throughout the  core ,  sand niassive with 
zones of contorted bedding, consolidated, -. 
at  1 1 2 7 ~ ,  have a f racture  of coal w i t h  

-. small f ractures  of  coal or oigaiiics occui- 
ring throughout the  core, damp to moist -- 115  75-116 0 S I L l \  SANDSTONE olive 
black, ( 5  Y 211) kerv s i l t ,  sand f ine-  

= -  grained to medium-grained as  a b o l e  
occurring i n  lenses m n n t  oreaiiic? n it11 
c l a v  associated I el I h a i d  consolrtlitrd 
damp -- 

1 

S a n p l o r  t o l l o c t o d  or 
Othor t o r t r  C o r t o r n o d  / 



LOG 
OF 

BOREHOLE 

116 0-1 20.0' SAMPLE, 
' Recovered 2 OJ4 0' = 50% 

1IQD = 0 45 /2  0 = 22 5% 
' 116 O-116 3 CUT rINGS OF SILTSTONE 

A N D  CLAYSTONE reworked 
* 116 3-116 9' SANDY SILTSTONE olive 

black ( 5  Y 2 / 1 )  w i t h  yellowish gray ( 5  Y 
' 8 /1 )  and greenish gray (5GY 6 / 1 )  fine- 

grained sand i n  lenses, some clay, some 
organics, massive, consolidated, damp to 
moist 

.STONE olive black ( 5  Y 2 / 1 ) ,  heavy silt 
influence. sand is very fine-graiiied. some . organics, massive, consolidated, damp 

I 

116 9-118 0' CLAYEY SANDY SlLT- 

L o c a t l o n  a o r o h o t o / w ~ i ~  N O  39-87BR/SP08-87 (con't 1 
C o o r  dinat  0 8  Ground S u r f a c o  E l O v a t i O n  

T o t a l  Dopth W a t o r  L o v o l  € n c o u n t o r o d  I 
StOtlC 

Drllllng Company Dr  I l lor  

Dato Dri l lod Holpor  

Drllllng N o t h o d  Drll l lng Fluld 

Loggod B Y  C h o c k o d  D y  
SIto Yara)or  

C t A R I  Yoro@or  

0 .ologl* t 

I 

C o m n o n t r  

I 

I 1 
.. 

Llthologlc Dorcr lp t lon  

' 0  

J 

t 

f 

Samples C o l l o t t o d  or / O t h o r  tort r  ?o r to rmod  

'a90 15 e t 1 9  



LOG 
O F  

BOREHOLE 

L o c a t i o n  

Coordlnator  

T o t a l  D o p t h  

Orllllng C o m p r n y  

D i t .  Drll lod 

Drllllng Mothod 

Lo90.d B y  
Ooologlst 

b o r o h o l ~ / w ~ l l  N O  39-87BR/SP08-87 (con’t ) 
Ground S u r l a c o  E l o ~ r t l o n  

W a t o r  Lotto1 Encountorod 

$t8tlC 

D r l l l o r  

n o l o o r  

Drl l l lng  Fluld 

C h o c k o d  B y  
%It .  Y.n.@.r 

Commontr 

/ 
Llthologlc  0ordrl)t lon 

t 
120 0-12&. 3 0’ SAM PLE 
Recovered 4 612 0’ = 230% 
KQD 3 97/4 6’ = 86% 
118 0-120 0’ CLAYEY S I L T S T O N E  olive 
black ( 5  Y 2/11 to greenish black ( 5  G Y  - -  
2 / 1 ) ,  t race  very fine-grained sand, some .. organics,  occasional seams of coal,  
massive blocky, fa i r lv  homogenous, coii- -- solidated, damp 
120 0-121 4 CLAYEY S I L T S T O N E  dai k .. greenish gray (5 G 4 / 1 )  to greenish black 
(5 G Y  2 / 1 ) ,  t race  very fine-grained sand -- iii lenses, some organics,  massive, consoli- 
dated damp - -  121 4-122 0 gANDSTONE dark greenish 
g r a y  (S  G 4/11 to greenish black ( 5  GY -- 2 /1 ) ,  some silt i n  top of core  giving w a y  - -  to sand, f ine-grained to  medium-grained 
( 2  0- I 5 0) sand, subrounded to 
subangular,  feldspathic and quartzitic,  - -  
fa ir ly  well sorted, massive, homogenous, .- consolidated, few organics,  damp to moist 

c 



L O G  
O F  

BOREHOLE 

L o c r t i o n  

C o o r d l n r  t o @  

Tot81 Dopth  

Drll l lng Company  

D8tO D r l l l ~ d  

Orl l l lng  Yothod  

L o g g o d  B y  
~ O O l O g l B t  

B o r o h o l o /  w 011 N O  39-87BR/SP08-87 (con't 1 
G r o u n d  S u r t r c o  E l o v r t l o n  

W8t . r  L o r 0 1  E n c o u n t o r o d  

S t r t l C  

D r l l l o r  

n o ~ p o r  

Dr l l l lng  F lu ld  

C h o c k o d  D y  
$It. Manamor 

C t A R C  Wonamor 
I 

C o m m o r t a  
I 

1220-1260  SA MPLE 
Recovered 4 0 / 4  0 = 100% 

122  0-122 85' S A N D S T O N E  greenish gray 
( 5  G 6 / 1 )  to  greenish black ( 5  G 2 / 1 ) ,  
some silt ,  f ine-grained to medium-grained 

.- ( 2  5-1  5 0) sand, subrounded to 
subangular,  fa i r ly  well sorted, some -. organics, massive. consolidated, moist 

-- greenish gray (5 G 6 / 1 )  to greenish black 
( 5  G 2/11. very fine-grained sand with - -  lenses o f  f ine-grained to medium-grained 
sand as above ( 1 2 2 0 - 1 2 2 8 5  ), some 

- =  oieaiiics more than above. c lay inf luence  
w i t h  organics,  sand decreases down core  -- giving way to more silt. a l ittle c lay,  and 
more organics massive, consolidated, 
damp 

-. 
RQD = 3 6 5 / 4  0' = 91% - 

1 2 2  85-126 0' S A N D S T O N E / S I L T S T O N E  

126  0-130 0' SAMPLE 
, Recovered 1 5/4 0' = 37 5% 
RQD = 0 75/15' = 50% 

. S A N D S T O N E  medium dark gray ( N  4/01 
to light gray ( N  7/0), very fine-grained to . fine-grained ( 3  5-2 5 0) feldspathic and 
quartzitic sand, fa i r ly  well sorted, 
massive, occasional trace lamination 
planes. sand f ines  down core, some 
organics,  some silt ,  f rom 127 3-127 5' have 
zone o f  c lay inf luence ,  moist to wet 



LOG 
O F  

B O R E H O L E  

' 0  

L o c r t i o n  ~ o r o h o 1 ~ / ~ 0 1 1  N O  39-87BRfSP08-87 (con't ) 
C o o r d l n r t o r  Ground  S u r f r c o  E lOr8 t lOn  

Tot81 D o p t h  W r t o r  L o v o l  E n c o u n t o r o d  

Drll l lng Company  

D a t o  Drl l lod 

Drllllng Yathod 

Loggod By  C h o c k a d  BY 
O0ologi.t sit. Y . r . ~ o r  

C t A n ?  Urnomor 
Commort r  

/ / / 

1 

1 
130 0 -132  0 SAMPLE. 
Recovered 4 3 5 / 2  0' = 217 5% 
KOD = 3 68/4 35 = 84 6% 

a -  

127 5-129 4 CLAYEY SILTSTONE dark 
greenish gray (5 G 4/1) to greenish black -- 
(5 G 2 / 1 L  no organics, hard, massive, 

._ fa i r ly  homogenous. consolidated, damp to 
dry 

-. 1294-1297 SILTY CLAYSTONE same 
ns  ahove d n m p  to drv -. 129 7-130 0 SILTY SANDSTONE same as 
above with  some clav verv f ine -e ia ined  - -  sand moist 

.. greenish g i n v  ( 5  G 411) to gieenish  e i i r  
(5 (3 6/11 veiv f i n e - e ~ a l n e d  (3  5-JO 0) IP -- Cine-einliletl ( : ( I  2 5 0 1  1 a 1 1 1 t  n e l l  w I t t ( l  

sniid some silt massive consolidated 
damp to moist 

130 0-132 0 SILTY ?ANDSTONE d a i  b 

132 0-136 0 SAMPI& 
Recovered 4 1814 0' = 104 5% 
RQD = 3 76f4 18' = 90% 
132 0-132 4' SANDSTONE dark greenlsh 
gray (5 G 4/1) to greenish gray (5 G 6/1),  
f ine-grained ( 2  0 - 3  0 0) sand, fa lr ly  well 
soi ted, some silt ,  massive, consolidated, 
damp t 1324-1360' SILTY CLAYSTONE dark 
greenish gray (5 G 4/1 )  to greenish g ~ a y  
(5 G 6/1),  t race  very fine-grained sand, 
silt i n  top o f  core  gives way to clay down 
core  fa i r ly  homogenous, masslve, consoli- 
dated, hard,  no organics, damp 

t 

SrnpIor  to l l oc tod  or / Othor T o r t 8  P o r l o r n o d  



L O G  
OF 

BOREHOLE 

- c  -. .- 
.- -- -- 
., 
- c  

-L -- - c  

-L - -I 

a. a- 

- 
- a- 

.* 

a. 

. 
-- 
a. - 
-. - 

.I- 

-, a- 

.- -- 
a. .- 

T o t a l  Dopth 

36.0-130.0 SA MPLF, 
Recovered 2 014 0' = 50% 
RQD = 0 612 0' = 30% 
CLAYSTONE medium gray (N 5 / 0 )  to 

massive, blocky, no organics, damp 
,,dark gray (N 310). some s i l t ,  homogenous, 

- 
TOTAL DEPTH 14000' 

L 

.- 
- 

-- 
a- 

a. 

.. 
- 

_- 
-- 
-- 

P.90 l9 o f %  

Drllling Company 

Dato Dril lod 

Drll l ing Mothod 

Loggod  By 
Goologlst  

Boroholo /Wol l  N O  39-87BR/SP08-87 (con't 
Ground Surfaco Elovat lon 

W a t e r  L o v o l  Encounto rod  

Stat ic  

Dr l l ior  

Holpor 

Dr i l l ing  Fluld 

Chockocl  B y  
$It0 Y 8 R 8 @ O r  

Commonts 



W E L L  
COMPLETION 
I N F O R M A T I O N  

- SP08 - 87 ~ ~ ~ ~ t ~ o n  7OchL Flats S o l a r  Ponds Area w a i l  N O  

E l o v o t ~ o n  G r o u n d  S u r t r c o  5 9 4 7  1 0 '  

T o t o 1  0 0 0 t h  W o l l  117 3 9 '  T O P  o f  ~ r r t n g  5949  1 2 '  

Format ion o f  Complo t lon  m e  F ormation 
~ a r l n g  Y r t o r l a l  Sch 5. T pe 3 1 6 ,  TFJ S t a i n l e s s  c a r i n s  oiamotor 2" ID 
Scr .on Yat  oria1C) -01 0" t i r e  T' e 3 1 6 ,  TFJ s u r r a c o  Caobng Oiamotor 5" ID 

I n s t r l l o l  B y  Holllwav SIto Y r n r @ o r  

C o o r d l n . l # r  38094.04 f 22166  32 

~ o r o h o t o  140.00' 

Steel 

D at 1n a t a 110 dNgvember 17-18?%F1n1ess SteelApprorOd B y  

Qoolo@lat  
CEARP Yana@u 

Commonts  S u r f a c e  ca s i n g  set to 44 0' bv R Treat on October 30, 1987.  

f 

Fiitor M l t O r l 8 l  - 
3 2 4 2  S i l i c a  Sal 

'Flltor P a c k  
8.48 Longth  (11 

B a c k  fill 

j- I 

3 L  H - l  

o r o h o l o  
i r m o t o r  

4 

W o l l  T o t a l  # 7 15 Longth  140.00 b 
3 I I 
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ORIGINAL PROCESS WASTF I INES CLOSURF CHARACTERIZATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO APPENDIX A 



LOG 
OF 

BOREHOLE 

Lithologle Doacrlption 

ARTIFICIAL FILL 

-2 0' SAMPLE 
0 8 / 2  0' = 40% 

0 0-0 5' ASPHALT S U R F A C I N G  
05-08'  S A N D  AND GRAVEL varying 
browns, weakly cemented, medium- and 
coarse-grained sands with small and 
medium size gravels ranging 0 2 5  mm up 

3 25 mm, rounded and subrounded, 
moist (most soils man made f i l l  appearing . .  

~ ~ ~ ~ ~ / ' '  4 as a base for asphalt surface) 
- 

- _ _ -  

9 25-35'  CLAY WITH SOME CLAY- 
STONE FRAGMENTS grayish brown (5  - YR 3/2) to moderate reddish brown (10 R 
4/6), sandy with scattered gravels, - moderately cemented, moist 

' SAMP1.E 
Recovered 15/20'  = 75% 
CLAY varying gray to reddish browns, 
slightly sandy, fine-grained (2 5-2 00) ,  
few scattered gravels, weakly cemented, 
poorly sorted, moist 

t t t  

Sompl.8 Colloctod or 
0th.r 7.818 Cortormod / 

HNu background-0 2 
OVA backgroundto 4 
Ludlum readings 
taken and no 
readings over 
background, on core 

Field screen readings 
sample reading (field 
screen reading) 

0 0-0 8' Field screen 
readings HNu = 0 0  
(OO), OVA = 0 0  (00) 

0 0-8 0' Composite 
samplc BH62870008 
Duplicate sample 
BH6287008D 

2.0-3.5' Field screen 
readings HNu = 0 0  
(0 0). O V A  = 0 0 (0 0) 

4.0-5 5' Field screen 
readings HNu = 0 0  
(0 0). OVA = (0 0 
(0 0) 



L O G  
OF 

BOREHOLE 

.. 
-- 

- -  
-- 

Locat ion  

C O O ~ d l n O l O 8  

Tot81 D o p t h  

$ 0 -  I O  0’ SAMPLE 
Recovered 0 0 /2  0’ = 0% 
C L A Y  same as  abovc 

10.0- 12 0’ SAMPLE 
Recovered 0 0/2 0’ = 0% 
Cuttings described CLAY WITH CLAY- 
S T O N E  F R A G M E N T S  same as abovc 

1 z 0-1 2 5% SAMPLE 
N o  recover) Drilled w i t h  center  b i t  

-. 12 5-14 0’ S 4 M P L E  
Recovered 1 5/l 5’ = 1009’0 -- 125-135’ C L A Y  A N D  G R A V E L  vary- 
ing gray and brown, claystone fragments  

- . w i t h  clay and some scattered gravel,  
weakly cemented, m o s t  

A R A P A H O E  F O R M A T I O N  

13 5-140’ CLAYSTONE dark  gray (N 
3/0), massive, blocky, medium plastic,  
weathered, moist 

-- 

-- 

Drllling Compony 

D8to  Drlllod 

Orllllng Yothod  

Loggod By 
Goologirt 

- RUf,?-RY - Boroho lo /  W 011 N o  

G r o u n d  S u r l o c o  E lovat ton  

W a t o r  ~ o v o l  E n c o u n t o r O d  

Stat ic  

D r  Iller 

Holpor  

Or l l l lng  f luld 

C h o c k o d  B y  
S i t .  Managor  

CEARP Yanagor  

Comment8 

Lithologic DOrcr lp t ion  

-b 

i 
6 0-8 0’ SAMPLE 
Recovered 2 0 /2  0’ = 100% 
C L A Y  varying brown to gravish brown, 
claystone fragments,  slightly sandv with 
scattered gravel 100 mrn u p  to 2 5 mm, 
rounded and subroundcd, weahlv 
cemented, medium plastlc, moist i 

t 

Samplor Co l loctod  or  
0th.r T o r t @  C O f t O f m O d  , 

$1.0-8.0’ Fie ld  screcn 
readings HNu = 0 2  
(04) ,  OVA = 00 (00) 

12.5-14 0’ Contact 
sample BH6287 12CT 



L O G  
OF 

BOREHOLE 

Loca t lo n 

C o o r d l n a l o r  

T o t a l  Dopth  

Drllllng Company 

D8tO Drl l lod 

DflllLng Y o t h o d  

Loggod  B Y  
GOolOglrt 

B o r o h o l o /  W o l l  N O  51-87IBH62-87 
Ground Sur f rco  Elovrtlon 

W a t o r  L o v o l  Encounlorod 

Statlc 

Dr l l lor  

Holpor  

Ori l l lng Fluid 

C h o c k o d  By 
S l t o  Y a n a ~ o r  

CEARP YanaQOf  

Commontr  

/ 

-/ 
I I 

t 
t 

t 

t 

14 0- 16 0’ S 4MPLE 
Recovered 2 0/2 0’ = 100% 
CLAYSTONE dark gray (N 3/0), blocky, 
medium plastic, oxide stained i n  thin 
streaks, weathered, moist 

16 0- 18 0’ SAMPLE 
Recovered 2 0/2 0’ = 1009’0 
CLAYSTONE same as above, weathcrcd,  
moist i T O T A L  DEPTH 18 00’ 

Samplo r  C o l l o t t o d  or 
Othor Tor t8  P o r l o r m o d  / 

14 0-16.0’ Bedrock 
sample BH6287 14BR 

16 0- 18 0’ Field 
scrcen readings 
HNu = 0 0  (00), OVA 
= 0 0 (0 0) 



WELL 
COMPLETION 
INFORMATION 

~ o c a t ~ o n  Bgck v Fla ts  Plant.  881 Hillside Area W o l l  No 51-87/BH62-87 
Coord inator  h' 35120.00 E 20738 10 Elovatlon Ground Surtaco 5963 .30' 

Formatlor of  Cornplotion Rockv F l a t s  Alluvium 
C a r l n g  motorial  Sch 5, Tvpe 316 TFJ s t a i n l e s s  Ste&!irlng o iamotor  

t c r o o n  Matorla1Q.010" wire  map TY e 316 TFJ 
0.10 Inatal lod gctobe r 7 3 .  1987 Approvod By 
In r ta l lod  B y  R.T.  Trent  Slto Managor 

2"  ID 
Surtaco c a r i n g  ~ i a m o t o r  5" ID 

s t a h e s s  s tee l  

Goologlrt 
CEARP Yanagor 

C o m m o n t r  

at O f  1.1 
Portrand Type I 

cement I 

' 
Filtor Matorial. - 
3?/4? S i l i c a  S ai 

t o p  of  C a r i n g  1.91' 
I I  I 

th 
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Water Level D a t a  

Saturated Thickness Hydi ograph 

ORIGINAL PROCESS W A S P  I TNES CLOSURF CHARACTERVATION REPORT 
ROCK) FLATS PLANT GOLDEN COLORADO APPENDIX A 



L O G  
O F  

BOREHOLE 

LOC8tlon Rockv Flats P-- 881 HIU side k e a  Boroho lo /Wo l l  N O  5 3 - 8 7  /BH63-87 
- - 7  1 ~ o o r e r n r t o r  h 7 j W . 9 L  F ’70s =,b Ground Surtrco Eloratbon 5 9 6 7 .  

Tota l  Dopth ’ 8 - m ‘  Wator  ~ 0 r . 1  Encountorod 15.”’ 

Drllllng Company & Y J ~ P ~  R r n c  Drll lor S Bradfleld 
0.10 Drll lod Ocrnber 16 & u. 1987 Holpor  P. kkS 
Drllllng Mothod Hollow Stem A u ~ e r  Drlllbng Fluld None 
Loaaod 0 y  

St0tlc 595 7 . 4 4 ’  (2/4/88) 

Chockod B y  
Goolo@lr t  %It. Ymnmgor 

CEARC Yanaaor  

Commontr 

e 

/ 
Llthologlc Dorcr lp t lon  

0 0-2 0’ SAMPLE 
Recovered 1 6 / 2 0 ’  - 80% 
00-1 4’ C L A Y  varying browns, sandy 
to very sandy with gravel and noted 
roots, slightly calcareous, slightly m o s t  

ROCKY FLATS ALLU VIUM 
(DISTURBED) 

14-1 6’ C L A Y  grayish brown (5 YR 
3/2) to dusky brown (5 YR 2/2), slightly 
sandy, moderately cemented, very stiff ,  
low plastic, slightly moist 

2 0-4 0’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
CLAY pale brown (5 YR 5/2) to light 
brown (5 YR 5/6), slightly sandy to very 
sandy (3 0-2 5 0). slightly calcareous 
streaked, moderately cemented, low plas- 
t ic ,  moist 

4.0-6.0 ’ SAMPJ.E 
Recovered 2 0 / 2  0’ = 100% 
C L A Y  light brown (5 YR 5/6), low plas- 
tic,  slightly sandy to sandy, fine-grained, 
weakly cemented, moist 

5 0-8.0’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
C L A Y  light brown (5 YR 5/6) to vary- 
ing grayish brown, sandy ( 3 0 - 2 5  0) and 
fine-grained with scattered coarse sands, 
weakly cemented, low plastic, moist to 
verv moist a t  bottom 

Samploa C O l l o C t O d  or / Othor t o r t 0  Por tormod 

HNu backgroundlo 2 
OVA backgroundl2  4 
No Ludlum readings 
over background 
along core samples 
recovered 

Field screen readings 
sample reading (f ield 
blank reading) 

Q 0-1 6’ Field screen 
reading HNu = 0 0  
(0 0), OVA = 0 0 (0 0) 

2 0-4 0’ Field screen 
reading HNu = 0 0  
(0 0), OVA = 0 0 (0 0) 

0.0- 8 .O’ Com posi te 
sample BH63870008 

40-60’ Field screen 
reading HNu = 0 0  
(0 0). OVA - 0 0 (0 0) 

4.0-8.0’ Field screen 
reading HNu - 0 0  
(0 0) .  OVA * 0 0 ( 0  0 )  



L O G  
OF  

BOREHOLE 

Lotat lun  B o r o h o l o / W o l l  N o  ‘77-87/=? - 87 
Coordrnr tor  Ground Surtace Elovat lon 

t o t a l  Dopth W a t e r  L o v o l  Encountorod  

statrc  

Drilling Company Dr l l l o r  

0.t. Dr111od Helpor  

Drilllng Yothod Drl l l lng Fluid 

Logged By C h o c k o d  B y  
Goologlat SIto Yanagor 

C E A R P  Yanagor  

Commontr 

25  - 

ur 

‘ 0  

~~ 

8 0- 10.0’ SAMPLE 
_ _ - - _  

_ _ - - -  

- Recovered 2 0/2 0’ = 100% 
CLAY moderate yellowish brown (IO 

- Y R  5/4) to pale brown (5  Y R  5/2), fine- 
grained sand ( 3 0 - 3 5  0 up to 2 5 - 2 0  0). 

- few scattered subangular and subrounded 
gravels 0 5  mm up to 2 5  mm, medium 

-plastic, moderately cemented, moderately 
oxide (Fe) stained, moist 

10 0- 12 0’ SAMPLE - Recovered 2 0/2 0’ = 100% - CLAY moderate yellowish brown (10 
YR 5/4) to pale brown ( 5  YR 5/2), 
slightly sandy to sandy with small size 
scattered gravels, moderately to weakly 

I 
I 4 cemented, moist 

12 0-14 0’ SAMPJ.E -- 
Recovered 1 7/2 0’ = 85% 
120-122’ CLAY same as above 

CLAYEY SAND AND .- GRAVEL moderate brown (5 Y 4/4) to 
moderate yellowish brown (10 YR 5/4), - - fine-grained sand, well sorted, ranging 
from 3 0-2 5 0  u p  to 0 5-1 00, gravel range -- 0 25 mm up to 3 75 mm, subangular with 
some subrounded, weakly cemented, very 

= =  moist to moist 

-- 
12 2-13 7’ 

’ SAMPLE 14.0-16 0 - -  
Recovered 1 5/2 0’ = 75% 

- -CLAYEY SAND AND GRAVEL mod- 
erate reddish brown (10 R 4/6) to a dark -- reddish brown (10 R 3/4), well graded 
sand and gravel ranging from 0 5  mm u p  -- to 275 mm. weakly cemented. moist to 

I wet streak a t  15 2-15 5’ 

Samploa Co l loc tod  or 
Othor  f o r t @  COrlormOd / 

8.0- 10.0’ Flt ld 
screen reading HNu 
= 0 0  (OO), OVA = 0 0  
(0 0) 

10 0- 12.0’ Field 
screen reading HNu 
= 0 0  (00). OVA = 0 0  
(0 0) 

12 0- 13.7’ Field 
screen reading HNu 
= 0 0  (00). OVA = 0 6  
(0 0) 

12 0- 13 7’ Sample 
taken BH6387 l2DH 

14.0- 15.5’ Field 
screen reading HNu 
= 180 (21 0). OVA = 
0 0 (0 0) 

16 0- 17.8’ Field 
screen reading HNu 
= 0 0  (00). OVA = 0 0  
(0 0) 



L O G  
O F  

BOREHOLE 

? - 8 7 / r n 3  - 87 Location Boroho lo /Wol l  No  5 
Cooreinat08 Ground S u r f r e .  Elov8tlOn 

Total Dopth Wator  Levo1 Encountorod 

s tat ic  

Drllllng Company Drl l lor 

Dato DrIIIod Holpor 

Drilling Yothod  Drlttlng F lu id  

Loggod By C h o c k o d  B y  
S l to  Yanaaor  GOOlO~l8t  

CEARP Y a r a # o r  

Commorta  

t I 
.. 
. m  

.. 
4. 

.. 

.. 

.. 
. 

a .  

-. 

16.0-1 8.0' SAMPI F 
Recovered 1 8 / 2 0 '  = 90% 
C L A Y E Y  SAND AND G R A V E L  same as  
above, moist 

-.I 

18.0-20 0' SAMPLE .- Recovered 0 4 / 2 0 .  = 20% 
SAND AND G R A V E L  same as above -- 

ARAPAHOE FORMATION .. 
20.0-22.0' SAMPLE .- No recovery CUTTINGS weathered 
claystone .. 
22.0-23 0' SAMPLE 
Recovered 0 5/1 0' = 50% 
WEATHERED CLAYSTONE disturbed 
sample recovery 

23 0-24 0' SAMPLE 
No recovery 

' 

'' 

.t 

. 24 0-24 5' SAMPLE 
No recovery Drilled with center bit 

24.5-26.0' SAMPLE . Recovered 1 5/1 5' = 100% 
WEATHERED CLAYSTONE medium . dark gray (N 4/0), massive, blocky, 
medium to highly plastic, moist 

t 

Sampl.8 Colloelocl or 
Othor f o 8 t r  Po r to rmod  / 

j 8.0- 18.4' Upper 
contact sample 
BH6387 18UC 

HNu backgroundlo 4 
OVA background~3 4 
No Ludlum readings 
above background 
along core sample 
recovered 

22.0-22.5' Contact 
sample taken 
BH638722CT 

24.5-26.c  Bedrock 
sample 
BH638724BR 

26.0-28.0' Field 
screen readings 
HNu - 0 0  (0.0)' OVA 
= 0 0 (0  0 )  



L O G  
OF 

BOREHOLE 

Boroholo /Wol l  N o  57-87h H6 3-8 7 
Ground S u r l r c o  E l o r ~ t l O n  

W a t o r  Lo r01  Encountorod 

static 

D r l l l o r  

H0lp.r 

Drl l l lng Fluld 

C h o c k o d  By  
8I to  Yanagor 

CEARP M8n80.f 

Commonts 

//qq Q 2 Y 

-it t 

/ / 

26 0-28.0’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
WEATHERED CLAYSTONE medlum 
dark gray (N 4/0) to medlum llght gray 
(N 6 / 0 ) ,  slightly oxide stained, massive, 
blocky, m o s t  

TOTAL DEPTH 28 00’ 



WELL 
COMPLETION 
tNFORMATlON 

e ~ o c a t l o n  Rockv Flats Plant, 881 H i l l s i d e  Area W O I I  NO 52-87/BH63-87 
Coord lnatos  li 35161  94 E 2 0 9 5 4 . 5 4  
T o t a l  D o p t h  W e l l  20 50 '  

Dorotbolo ?8 .00 '  

L 

3.30' n 



INDEX OF DATA 

Boring No 53-87 

Completed as well? Yes 

Data in File 

x Log of Borehole 

x Well Construction Summaries 

Well Development Summaries 

H y d r a 11 I i c Con d 11 c t i v 1 t y Test D a t a 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thickness Hydiograph 

ORIGINAL PROCESS WASTF 1 INES CLOSURF CIMRACTERIZATION REPORT 
ROCKY FLATS PLANT GOLDEN COLORADO APPENDIX A I 



LOG 
OF 

BOREHOLE 

Location Bpck\ F b t s  P l a n t .  88 1 H i l l s i d e  Area b o r o h o l o / W o l l  N O  57-87 
~ o o r d ~ n a t o r  ?i 1500 ? l? E 20799 6 1  Ground  S u r f a c e  Elovat lon 5959 8 2 '  
Total Dopth 14 00' W a t o r  Love1 Encounto rod  None 

Orillin9 Company B o v l e s  B r o s  ~ r i 1 1 0 r  S B r a d f i e l d  
D i t 0  Drlllod October 12 & 13, 1987 Holpor  p Mesa 
Orilllns Nothod  Hollow Stern Auaer Or l l l l rm Fluld None 

Lo*#*d BY R T ,  T r e a t  C h o c k o d  By - 

static hnlrh.$?'  ( 7 1  24 188)  

0 o lo#lr t a l t o  Yaramor 

C E A R C  Yaramor 

Commontr  

-c ARTIFICIAL FILL 

Q 0-2.0' SAMPLE 
Recovered 1 7 / 2 0 '  = 85% 
00-1 5' CLAY A N D  S A N D  gravish 
brown ( 5  YR 3/2) to l i g h t  olive g r a v  (5 Y 
5/2), silty sands i n  upper formation to 
rounded and subrounded scattcrcd gravcl 
( 1  50 mm to  325 mm) ucaLl\  to 
moderatcl)  cemented, low plastic, moist 

COLLUVIUM (DIS TURBE Dl I 
Llthologlc D o r c r l p t l o r  

10 - 

Li 

1 5 - 1  7' CLAYEY S A N D  subrounded .. and subsngular  gravcl up to 2 5 0  mm, 
d p  medium- and coarse-graincd sand ( 2  0-1 5 

0 to 0 5 - 0 0  0), weakly ccrnented, ucll  .. sorted sand and poorly sortcd gravel, 
l i g h t  moist 

*. 
2 0-4 0' SAMPLE 

d.  Recovered 0 8/2 0' = 40% 
CLAY l ight brown ( 5  YR 5/6) to light -. olive gray ( 5  Y 5/21. some oxide staining, 
flne-grained sand (3  0-2 5 0). scattered 

a -  subrounded and subangular gravcl ( 0 5  
mm up to 9 5  mm) o f  quartzite 
composition, low to medium plastic, f i l l ,  
moist t 

Sang lo r  ColIoctod or 
Othor t o r t @  Portormod / 

HNu backgroundi0  4 
OVA backgroundo0 2 
Ludlum readings 
takcn indicating 0 0 
readings 

0 0-1 7' No readings 
over background 
along core sample 

2.0-2.8 I '  Readings 
along core OVA = 
3 2 ,  HNu = 00 

No rcadings i n  
breathing zone 

4.0.5.5' No readings 
over background 
along core 



L O G  
O F  

BOREHOLE 

4 0-6 0' SAMPLE -- Recovered 1 5/2 0' = 75% 
CLAY AND G R A V E L  duskv yellowish - -  brown (10  YR 2/2) to modcrate reddish 
brown (10  R 4/6), angular,  subangular,  

- - a n d  subrounded gravel up to 5 5 0  mm, 
medium- to coarse-grained sand ( 1  0-0 5 

* -  0). some coarser-grained sand, low plastic,  
moderately to weakly cemented, a t  4 0- 

a. 4 3', zone of organic clay, moist to  light 
moist 

6 0-8 0' SAMPLE 

Tot81 Dopth 

.- 
a- 

a- 

-- 
-- 
a- 

. 

L 

a. 

.. 

.. 
a. 

a. 

a. 

Drllllng Company 

0.10 Drl l lod 

Drllllng Nothod 

D 

a. 

.. 

.L  

.. 

.. 

.L 

Log9.d By 
G o O l O # I ~ t  

Recovcrcd 2 0 /2  0' = 100°/o 
a. CLAY modcratc ycllohish brown (10 

Y R  5/4) t o  pale brown (5 Y R  5/2), 
a. mcdium plastic, slightly sandv, angular 

and subangular gravel (002 mni up to 

boroho lo /Wol l  No 

Ground $ U f f 8 C O  Elov8tbOn 

W 8 t . r  Levo1 EncountorOd 

statre 

Drl l lor 

H o l p o r  

Dr l l l lng  Flu id  

C h o c k o d  B y  
8110 M8n89.f 

C ommontr 

/ 
Llthoiogic Daacr lpt lon 

i 
S8mplor Col loctod or 

0th.f  T o r t 8  ?o r lo rmod  / 

5 0-8.0' No reading 
ovcr background 
along core 

8 0-10 0' NO 
readings over 
background along 
core 



LOG 
O F  

B O R E H O L E  

- L0catlon BOrOhOlo/ W o l l  N o  - 
Coord lnr tor  Ground S u r r r c r  E lovr t lon  

Total Dopth W r t o r  L o v o l  Encountorod 

Drllllng Company Dr l l lor  

Oat. Dril lod H o l p o r  

Drllllng Yothod Dr l l l lng  Fluld 

Loggod B y  Chocked by 

S t r t l e  

Goologlr t Slto Yanagor 

CEAAP Yanagor  

Commontr  

2 / 
Llthologlc Dorcr lp t lon  

10 0- 12.0' SAMPLE 
Recovered 2 0/2 0' = 100% 
W E A T H E R E D  C L A Y S T O N E  medlum 
light gray (N 6/0), massive, blocky, 
medium plastic, slightly calcareous pock- 
ets noted at  1 1  5', very slightly oxide 
stained, moist i 
12 0-14 0' SAMPLE t Recovered 2 0/2 0' = 100Yo 
W E A T H E R E D  C L A Y S T O N E  mcdium 
light gray (N 6/01. m s s s ~ v c ,  blochy, 
medium plastic, moderatclv oxidc  staincd 
at 13 8', noted lignite streaks at  130'. 
moist 

TOTAL DEPTH 1400' 

Srmplor  C o l h c t o d  or 
Othor T o r t 8  Por to rmod  / 

10.0- 12.0' NO 
readings over 
background along 
core 

12 0-14 0' NO 
readings over 
background along 
core 



W E L L  
COMPLETION 
INFORMATION 

~ o c a t i o n  Rocks F l a t s  P l a n t .  881  Hillside Area W o l l  l o  53-87 
Coordtnator  N 35002 12 E 20799 6 1  Elovatlon around  Surtac. 5959 8 2 '  
T o t a l  Dop th  W o l l  30'  T O P  or Caatng 5961 84 '  

F o r r a t ~ o r  of C o m p ~ o t ~ o n  Colluvium 
Cam~r*  matorial  Sch 5 ,  Tvpe 316 TFJ stainless s t ~ ~ a l m e  01.rot.r 

8cro.r M a t o r l J O  010" wire wrap Type 316 TFJ 

bat. Irmtallod U r  13. 1987 Approved B y  

Boroholo 1 4  00' 

2" ID 
)u r faeO camlre ~ l . ~ ~ t ~ ~  5'1 ID 

stainless steel 

ohcw 
Coanortm 



INDEX OF DATA 

Boring No 54-87 

Completed as well? Yes 

Data i n  File 

X Log of Borehole 
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Well Development Summaries 

Hydra 11 11 c Con d 11 ct i v i t y Test Data 
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Packer Test Data and Results 
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Saturated Thickness Hydiograph 

ORlGlNAI PROCESS WASTF I INES CLOSURF CHARACTERITATION REPORT 
ROCK\ FLATS PLANT GOLDEN COLORADO APPENDIX A 



L O G  
OF 

B O R E H O L E  

Locatlon aockv Flats P l a n t :  881 H l l l s l d e  Area ~ o r ~ h ~ l ~ / w ~ l l  I J ~  - 
t o t a l  Dapth 10.00’ W a t o r  L o v o l  Encountorod  None 
Coordtnator N 35001 4 5  E 20919 36 Ground S u r t a c o  E l o r a t l o n  5955 .85‘ 

S t a t l c  595 4 49’  (2/4/88) 

Drllllng Company Bovles B ros.  Drl1l.r s. Bradfield 
Date Drlllod October 1 3 .  1987 ~ 0 1 p . r  P -  Mesa 
Orllllng Yothod Hollow Stem Auger Drl l l lng  Fluld -,&ne 
Log9.d BY R.T. Treat 

Goologlrt 
C h o c k o d  B y  - 

Slto  Managar 

CEARP Managor 

Commontr 

Llt  hologlc Dorcr lp t lon  Y 
ARTIFICIAL FILL 

0 0-2.0’ SAMPJ.E 
Recovered 1 8 / 2 0 ’  - 90% 
0 0 - 0 7 ’  CLAY AND GRAVEL grayish 
orange (10 YR 7/4), roots noted, slightly 
sandy, weakly cemented, very calcareous, 
light moist 
07-1 8’ CLAY medium gray (N 5/0), 
blocky, moderately oxide stained, few 
scattered roots noted, moist 

2 0-4.0’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
2 0-3 2’ CLAY moderate yellowish 
brown (10 YR 5/4), fill, low plastic, mod- 
erately cemented, slightly sandy with 
medium-grained sands (1 0-0 50) 

32-40’  CLAY dark yellowish orange 
(10 YR 6/6) to pale yellowish brown (10 
YR 6/2), slightly sandy to very sandy, 
fine-grained (2 0-1 50), low plastic, mod- 
erately cemented, severely oxide (Fe) 
stained, moist 

4.0 - 6,O ’ SAMPLE 
Recovered 2 0/2 0’ = 100% 
4 0-4 2’ CLAY same as above, transition 
into a weathered claystoae 

Somplor Colloctod or 
Othor  Tor t r  Portormod / 

HNu background-0 0 
OVA background-0 0 
Ludlum readings 
taken 
No readings above 
background on core 
or in breathing zone 

No readings above 
background 



L O G  
OF 

B O R E H O L E  

L o t  8tiOn D o r o h o l o / W o l l  N o  54-87 
Coord lnr  t 0 8  Ground Surtaco Elovation 

T o t a l  Dopth W a t o r  L o r o f  Encountorod 

s t 8 t l t  

Orllling Company 0r111or 

0.10 Dril lod Holpor  

~ 0 g g . e  B Y  C h o t k o d  By 

Drllllng Yothod  Dr l l l inQ Fluld 

Goologirt  Yan8Q.r 

CEARP Y a n r g o r  

C ornmontr 

Lithologlt Ooaerlptlon -, ARAPAHOE FORMATION t 
4 2-6 0’ WEATHERED CLAYSTONE 
pale brown (5 Y 3/2) to a light gray (N 
7/0), sandy to very sandy at 4 7-5 2’. fine- 
grained sand (2 5-2 OS), slightly calcare- 
ous, severely oxide stained, medium to 
low plastic, blocky, slightly porous with 
noted few roots, moist 

’ SAMPLE ’ 6 0 -  
Recovered 2 0/2 0’ = 100% . WEATHERED CLAYSTONE medium 
light gray (N 6/0) varying with olive 

’ grays, slightly oxide stained, few roots . still noted, slightly sandy, fine-grained, 
blocky, medium to low plastic, moist 

8.0- 10.0’ SAM P LF. 
Recovered 2 0/2 0’ = 100% 
WEATHERED CLAYSTONE same as 
above, moist 

i 8 o  

’ 

t TOTAL DEPTH 1000’ 

Samploa Colloctod or 
Othor tom18 Portornoe / 



WELL 
COMPLETION 
INFORMATION 

~ o c a t i o n  Rocky Flats Plant. 881 Hillside Area W o J l  N o  - 
~ o o r o l n a t o r  h' 15Onl.b5 E 20919.36 Elovat ion Oround s u r f a t .  5955.85'  

T o t a l  D ~ p t h  WOII 4-68' TOP O f  C8Bin9 5957.72'  
Borohola io-oo' 

t o r n o t ~ o r  of C o m p l o t ~ o n  Colluvium 
Caalnm Matorla1 P-TVDptactalnless Cialng D1amotor 2'' ID 
8tro.n Y a t o r i r l ~ l n  T.W 

0.10 Irrtallo@ October 1 5 .  1987 Approved By  

stee 

q16 TFJ Surface Caalng Dl.rotor 5" ID 11 

+!$En ess steel 

3.90' 

Dlamotor ' Oh I 
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Saturated Thickness Hydiograph 

ORIGINAL PROCESS WASTF I lNES CLOSURF CHARACTERIIATION REPORT 
ROCKY FLATS PLANT GOLDEN, COLORADO APPENDIX A 



L O G  
OF 

BOREHOLE 

TOP SOIL 

0 0 - 2 0  SAMPLE 
Itecovered t 012 o = 100% 
0 0 - 0 5  TOP SOIL varied greens a n d  
browns grass anci ice subangular cobbles 
up to I" diameter,  sandy c lay,  frozen 

- 

ARTIFICIAL FILL/DISTURBED 

- 0 5 - 1  1' CLAYEY S A N D  pale vellowish 
browii (10 k R  6/2) to dark vellowish - brown (10 J R  4 / 2 ) ,  verv coarse-grained 

( 2 0 - 1  5 0 to 114") poorlv sorted sand - subioiinded to angular small quartzi te  
gravel up to 1" diameter, unconsolidated. 

* nioist to frozen 
1 1-2  0 S A N D Y  CLAY moderate brown 
(5  Y R  3/41 some very coarse-grained 
poorly soited subrounded l o  angular 
sand angular qnai tz l te  gravel up to 3" 
diameter baried green to vellow led  
orange to red staining throughout core. 

~ o e a t ~ o n  Rockv F l a t s  P l a n t ,  So lar  Pond Area ~ ~ ~ . h ~ l . / ~  N~ 56-87/SP16-87 

Tot81 D ~ p t h  1 7  40 '  Wator  L o v o l  Encountorod  None 
C0ordln.t.r N 37654.23 E 21319 10 Ground s u r r r c o  ~ i o v r t l o n  5978 5 1' 

S t a t i t  5973 19 '  (4/18/88) 

DrlllinQ Company Bovles Bros Drll lor T High 

~ r t o  Drlilod Januarv 7 .  1988 ~ 0 1 p . r  B Keenev 
Drilling Yothod Hollow Stem Auger Drl l l lng  Fluld 

Loggod B Y  KD Holliwav C h o c k o d  B y  
G ologl r t  a lto Manamor 

CLARP Yanamor 

H N ti ba c k gr oii n d= 1 2 
O V A  Bachgroand=l  6 
L ii d 111 m back g r ou ii d 
= 0 0  

0 0-2  0 Field screen 
readings HNu = 1 2  
( 1  2 ) .  OVA = 1 9  ( 1  2 )  

D.0-20' r ~ e l d  Screen 
sanlple Sp16870~E;S 

20-3 5 r l e l d  screen 
readings HNri = 1 2  
(1 2) .  OVA = I 2 ( I  2 )  

4 0-6 0 r l e l d  Screen 
lendrnes = 1 6  
(1  6). O V A  = 1 2  (1 2 )  

6 0 - 8 0  rield screen 
readlilgs HNu = 1 2  
( 1  2).  O V A  = 1 0  ( I  0) 

Commontr 

.I - .- 
-. - 
- --  - 

-- -- a- 

-- -- -- 
-I I -- 

6 0 - 8 0  tipper con- 
t i~ c t sa in I) I e 
S P 168 708 C1 C 

10 0-11 2 Contact 
sa 1ii p 1 e SI' 1 6 8 7 1 OC T 

ll 2-13 4 Field 
screen readinps HNu 
= 1 2 ( 1 2 ) , O V A = l O  
( 1  0) 

O t  4 1 
P8QO 



LOG  
OF 

B O R E H O L E  

L o c a t i o n  Rock, F l a t s  P l a n t ,  Solar Pond Area ~ o r . h o ~ . / w . l l  I J ~  56-87/SP16-87 (cont'd.) 

T o t a l  D o p t h  1T.Go' W a t o r  L o r 0 1  E n c o u n t o r 0 8  None 

Drl l l lng Company  B o v l e s  B r o s  DrII Ior  T HlRh 
D a t o  Dr l l lod  Januarv 7 .  1988 n01p.r B. h e e n e v  

Dr l l l lng  ~ o t h o d  Hollow Stem Auger  Drll l ln@ Pluld Yone 
Loggod my KD Holliwav 

~ 0 o r d l n r t . a  37654 2 3  E 21319  10 Ground  S u r t a e o  E l o r a t l o n  5978 5 1' 

S t a t i c  1 9 7 7 . 1 9 '  ( 4 1  18/88) 

Chocko# B y  
O o o l o g l r t  8l to  Manamor 

CRARP mrra@or 
commorrtr 

* 
Lltholomlc  Dorcr lp t lon  

3 0-4 0 SAMPLF, 
Recovered 1 5 / 2  0' = 7% 
C L A Y E k  SAND ANI) G R A V E L  l i p h t  

brown ( 5  'I R 5 /6 )  w i t h  pale yellowish 
orange (IO Y R  8 / 6 )  and dark vellowish 
orange (10  Y R  6 / 6 )  w i t h  trace moderate 
reddish browii (IO 1 R 4/6). mostlv i n  
sand zones very coarse-grained. poorly 
sorted sand subangular to angular 
quai tz i te  gravel subangular to broken to 
3" diameter.  becomes sandier down core 
with medium-grained ( 2  5-1 5 8) fa i i lv  
sorted subangular sand damp 

4 0-6 0 SAMPLE 
Recovered 1 0 1 2  0' = 100% 
SANDY C L A Y  moderate vellowish 
brown (10  \'R 514) to dark vellowish 
brown ( 1 0  Y R  4 / 2 )  w i t h  some yellowish 
gray ( 5  1 7 / 3 )  especially towards bottom 
of core subangular to angular quartzite 
gravel up to 2" diameter increases down 
core quartzi t ic  sand and pebbles, sub- 
r o ii ii de d s u ba n gu la r med I ii m - gr a I ne d 
( 2  0-1 5 8 )  to coarse-grained up 1 0  1I4" 
d i a met e r poor I y sort e d , u ncon soli d a t e d. 
some ca l i che  increases down core, damp 
lo nioist 

to  

Sampler Col loc tod  or / Othor t o r t e  C o r t o r m ~ d  

11.2-13.4 Bedrock 
Sample SP168711BR 



0 G 
O F  

BOREHOLE 

a m  

'- 

.- 

.. 
a- 

Locat ton  R O C K \  F l a t s  Plant, S o l a r  Pond Area 
C O O ~ O I ~ ~ I O B  37654 23 E 21319.10 

6 0-8.0' SAMPLE. 
Recovered 2 012 0' = 100% 
6 0 - 6 3  G R A V E L  angulai to broken some 
fine-grained sand drv 
6 3 - 7 0 '  C L A Y E Y  S A N D  duskv vellow ( 5  
Y 6/4 )  to yellowish gray ( 5  Y 712). some 
c lay,  sand is very fine-grained to f ine-  
grained ( 2 5 - 2 0  0)  fa ir ly  well sorted, 
nncoiisolidated some cal iche  (strong 
reaction to HCI) ,  damp to moist 
700-a00  C L A Y E Y  SAND A N D  
G R A V E L  vellowish gray ( 5  Y 7 / 2 )  with 
lielit hrown ( 5  YR 5 / 6 )  and moderate 
ieddisli brown (10 R 4 / b )  staining f ine-  
grained ( 2  5 -2  0 0) to coarse-grained 
pool I v  sorted subrounded IO subaneuiar 
sand subaiigular eravel  lots o[  caliche 
unconsolidated moist - 
a 0-10 o SAMPLE 
Recovered 0 012 0' = 0% 
Lost core 

ARAPAHOE FORMATION 

Q / K a  contact ertimated a t  Q J f )  bv 
drilling atid cuttiiigs 

-- 

10 0-11 .2  SAMPLF. 
Recovered 1 8 / 1  2 = 150% 
SANDk C L A k S T O N E  light olive grav (5  
Y 5i2) to vellowish grav ( 5  Y 7 1 2 )  w i t 1 1  

daik  vellowisli orange (10  k R 6 / 6 )  iroii 

staining, verv Line-grained to fii ie- 
grained sand, some cal iche  consolidated 
dainp 

t o t a l  Dopth 13 . 40 '  @ 
Drli l lng Company  Bovles Bros 
D i t 0  Dr l l lod  Januarv 7 .  1988  

Dr l l l lng  M a t h o d  Hollow Stem Auger 

L O @ @ O d  B y  KD Holliwav 
0 0 010 @IO t 

Commort r  



LOG 
O F  

BOREHOLE 

Locat ion  Rock\ F l a t s  P l a n t ,  Solar  Pond Area ~ o r o ~ o ~ o / w o l l  no  56-87/SP16-87 (contld. ) 

Tot81 Dopth 1?.Lo' w i t o r  L O V O I  E n c o u n t o r o d  None 

Orllling C o m p a n y  B o v l e s  Bros Drl l lor  T HlRh 
Oat. Drll lod Januarv 7 .  1988 ~ . l p ~ r  B. keenev 
Orlll lng Yothod Hollow S t e m  Auger D r l l l l n ~  Fluld None 

~ o o r d I n . t o r  '4 37654 23 E 21319 10 Ground  Surface E l o r a t l o n  5 9 7 8  . 5 1 '  

s t a t i c  5973 .19 '  (4 /18/88)  

Loggod BY KD Holliwav 
QOOlOgl8t 

Commontr 

/ 
3 

Lltholoalc Doacrlgtlon 

t 

i t  

11 2-13 4' SAMPLE, 
Recovered 7 212 2 = 100% 
S A N D Y  CLAYSTONE same as  above 
w l t h  occasional iron iiodules 

TOTAL DEPTH 13 40' i 

i 

Sanptor  Col loctod or / Othor t o r t r   ort tor mod 



W E L L  
COMPLETION 
I N F O R M A T I O N  

~ ~ ~ ~ t l ~ n -  SOCLCV Flats  P l a n t ,  Solar ponds Area W O I I  N O  56-87fSP16-87 
N 7765h.?3 C o o r d i n a l o r  319.19 E l o v r t l o n  Ground S u r r a c .  5978 51' 

T o t 8 1  D e p t h  W O l l  0 - 9 ' '  T o p  o r   asi in^ 5979 8 9 '  

Format ion o f  C o m p l o t l o n  Rockv Flats Alluvium 
C a r i n g  M a t o r l a 1  S c h  5 ,  T k D e  316,  TFJ Stainless  c a r i n g  ~1.m.t . r  911 ID 

- 

B o r o h o l o  17 40' 

Steel 
e 3 1 6 ,  TFJ S u r t r c o  C r r l n g  D h m o t o r  5" ID 'I 

" C ] . 0 1 0 i v r R a , l e s s  Steel 
0.10 I n r l r l l o d  Januarv 8 ,  1987 A p ? r o v o e  B Y  
1nrtr11.4 m y  K D Holllwav 8110 Y r n r a o r  

O o o l o g l r t  
CEARP 

C o m m o n t r  

t o o  ot  c a r i n a  t 

- Filt O f  M 810) L.1 
3 2 4 2  S i l i c a  

I 1  I 

Boroho lo  
0 1 a r n o t . r  

7 5" 

r o i  o t  S c f i o n  D o e t i  3 5 2 '  

I 
W o l l  T o t a l  

I - 
13.40 + 01. 

Dop lh  



1987 BOREHOLES 

ORIGINAL PROCESS WASTE LINES CLOSURE CIiAFfACTERIZATION REPORT 
ROCKY FLATS PLANT, GOLDEN, COLORADO S OCTOBER 1988 REVISION 1 APPENDIX A 
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ORIGINAL PROCESS WASTF I lNES CLOSURF CHARACTFaR17ATION REPORT 
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L O G  
OF 

B O R E H O L E  

~ o c a t l o n  Rock\. Flats Plant, Solar Ponds Area ~ o r o h o ~ o ~ ~ o ~ ~  N~ SPOl - 8 7  
~ 0 o r d l n a t . r  * N 37792 E 21209 Ground S u r l a c o  Elorat ion  *5982 .7 '  
Tota l  Depth 20.7' W a t o r  L o v o l  Encountorod  1 5 . 7 '  

Drllllng Company Bovles B ros. Drlllor R. Sharu 
Date Drlll.d Ortnher 77 - 7R 1987 n ~ l p o r  T Merritt 
Drllllng Yothod  Hollow Stem A u ~ e r  Drll l lng Fluld None 
Loggod By J. Bacchus 

stat ic  

C h o c k o d  B y  
O.ologl*t alto Manamor 

CLARC Mana#or 
Commorto Borehole backfilled wlth Portland Type I Cement 

*Coordinates and elevation estimated from topographic map. 

u 

Llthologle Do8crlptlon 

I I /l 

ARTIFICIAL FILL/DISTURBED t l / l  

- 5  

0 0-2.0' SAMPLE 
Recovered 1.212.01 = 60%. 
0-0  6' SANDi- moderate yellowish brown (10 YR 
5/4), silt and clay, asphalt, slight HCl reaction. 
0.6-1.2' CLAY moderate yellowish brown (10 YR 
5/41: dense, large pebbles, caliche, dry 

2.0-4 0' SAMPLE. 
Recovered 2 0/2.0' = 100%. 
CLAY: dense; large angular clasts of igneous 
origin, reacts with HCl, slightly mist 

4 0-5.0' SAMPLE. 
Recovered 1.2/1 0' = 120% 
4 0-4 1' CLAY SYIC as above 
4 14.35' layer of asphalt 
4.35-5 0' CLAY- same as layer above except one 
large chunk of redwood, appears to be a stake 

5 0-8.01 SAMPLE 
Recovered 1.3/3.0' = 43% 
5.0-7 7' CLAY- moderate yellowish brown (10 YR 
5/41 with ram spots of dark yellowish orange (10 
YR 6/6), sandy, silty, pebbly, clasts are 
subrmgular to highly angular; dry 
7 7 8.0'. CLAY- modcrate reddish brom (10 YR 
4/61, sane coarse sand, slightly moist 

8 0-10.5' SAMPLE 
Recovered 2.012.5' 80%. 
8 0-9.1'. CLAY. sme ms above 
9 l-lO.O1 SAND- moderate yetlowish brawn (10 YR 
5/4) to dark yetlowish orange (10 YR 6/61: no HCl 
reaction; very poorly sorted, size ranges from 
clay to pcbbler, clortr are very angular; dry - . C  

10 5-12 7' SAMPLE. 
Recovered 1.65/2 5' = 66% 
SAND- s . r  as above, contains some subrwndcd 
small cobbles; dry 

12 7-15 2' SAMPLE 
Recovered 1 2/2 5 '  = 4% 
12 7 13.2' SAND Rodcrate reddish brom (10 YR 
4/6), conglaneratic sad ,  poorly sorted, silt, 
clay and large pebbles angulmr to srrbrovdad, 
sand, slight Hcl reaction; dry 

- 20 ' ' _ .  " ' 

8am)lor Col loctod or / Othor t o r t @  Portormod 

HNu Backgrd0.8 
OVA Backgroudrl.0 
Ludlun BackgroudrO 0 

No Ludlun readings above 
backgroud 

0 0-1.2': Field Screen 
Reading- HNu=0.4(0 4 ) ,  
OVA=1.2(0.6) 

0 0-1.2' Field Screen 
Sanple. SP018700FS 

4 0-5 0 ' -  Reading on 
Core HNucl 4, OVA4.2 

4 0 5 0' Direct Hit 
Sanple SP018104DH 

5 0-6.3': Reading on 
Core- HNuc3.0, OVA.1.2 

5 0-6.3' Direct Hit 
Sanple- SPO18705DH. 

fi O-lO.O1: Readings on 
Core: HNw3.4, WArl.2 

u- Readings in 
Breathing Zone. HNulO 6, 
WA=2.5. 

Core HNwl 0, OVA62 8 

10.5-12.Z1 Direct 
Hit/Upper Contact Sanple 
SP 0187110H 

12.7-13 9' Readings on 
Core- HNrrl 0, OVAr2.8 

10 5-12.2'- Readings on 



LOG 
O F  

BOREHOLE 

SAWDSTONE- ..IC as above except send i s  finer- .. - -. grained 
TOTAL DEPTH- 30 2' 

Location Rocky Flats Plant: Solar Ponds Area B o r ~ h o l ~ / w o l l  lo. SPO1-87(cont'd ) 
Coordln8tos Ground Surl8co Elov8tlon 

t o t a l  Dopth Wator  Lovo l  Encountorod 

Drllllng Comp8ny Drillor 

Dato Drlllod Holpor 

Drllllng Mothod Drlllln# f luld 

Loggod By 

a 
8t8tlC 

Chockod By 
0.0 lo 918 t 8 l t0 Yanaaor 

Commontr 

/ I 

13.2-13 9' SANDSTONE yellowish gray (5 Y 7/2); 
clean; mottled oxidation; dark yellowish orange 
(10 YR 6/6), well sorted, small m m n t  of clay, 
slrghtly mist 

15.2-17 7' SAMPLE. 
Recovered 1.5/2 5 '  = 60%. 
SANDSTONE: nodcrate yellowish brown (10 YR 5/6) to 
yellowish gray (5 Y 7/2), claystone soaked except 
last 0 15 ft where it is uet to mist - ? E  

17 7-20.2' SAMPLE. 
Recovered 2 35/2.5' 94% 
17 7-17 9' CLAYSTONE light olive gray (5 Y 5/21, --7 

very fissile, no sand, moist 
17 9-18.9' SANDSTONE alternating bands of 
yellowish gray (5 Y 7/2) and dark yellowish orange 
(10 YR 6/6); coarse-grained, subrandcd, moist to 
dry 
18 9-20 05 ' .  SANDSTONE yellowish gray (5 Y 7/21, 
highly stained with dark yellowish orange (10 YR 
6/6), fractures; uell consolidated, fine to 
coarse-grained; no HCl reaction; moist 

20.2-22.7' SAMPLE 
Recovered 2.V2.5' = 84% 
SANDSTONE: sum as above 

30 
- 

t t 22 7-25.2' SAUPE. 
Recovered 2 1/2.5' 84%. 
SANDSTONE: dark yellowish orange (10 YR 6/6) and 
yellowish gray (5 Y 7/2); fine-grained, uell 
consolidated, slightly moist 

25 2-27 7' SWLE.  
Recovered 2 U 2 . 5 '  = %% 

- 3 4  + + 25 2-25 9' CLAYSTONE dark yellowish orange (10 
YR 6/6) and yellowish gray (5 -Y 7/2), sand, dry 
25 9-27.6': SANDSTONE dark yellowish orange (10 
YR 6/6) and yellowish gray (5 Y 7/2), coarsc- 
grained; dry 

27 7-30 2' SAUPLE. 
Recwered 2.65/2.5' 120% 

Sampler Colloctod or 
Othor t o a t r  ,orformod / 
12.7-14.9' Direct 
H i  t/Contrct S r p k  
SPD18713DH. 

15 2-16 7' Readings on 
Core HNw2 1, OVArlO.0 

15 2-16 7' Bedrock 
S-le SP018716BR 

20 2-22 3' Readings on 
Core. HNFZ 3; O V A 4  8 

20.2-22 3' .  Direct Hit 
Sanpie- SP018RIDH 

22 7-26 8' Readings on 
Core HNwO 2; OVA.4 3 

22 7-24 8' Direct Hit 
smplc- SP0187UOH 

25.2-27 6' Readings on 
Core HNu = 0.3, OVA = 
0.6 

27.7-30.2' Read1 ngs on 
Core: HNu = 0.3; OVA = 
0.6 
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LOG 
O F  

BOREHOLE 

12 6-15 1' SAMPLE 

SAWDSTONE. sune as above except mottled wtth 

slightly moist near the bottom 

- -  
a -  Recovered 2.7/2.5 = 108% 

a- m -  -- light yellowish orange, the sand is coarser, 

I -  -- .- TOTAL DEPTH. 15 1' 

a. - -- 

Locat ion Rochv Flats Plant, Solar Ponds Area ~ ) o r o h o l ~ / w . l l  N~ SPO2-87 
Coordinator * N 37980 E 21537 Ground  S u r f r c o  E lovot lon  *5976.6 '  
T o t a l  Dopth 15 .1 '  W a t o r  L o v a l  E n t o u n t o r o d  

S ta t ic  
Dril l ing Company Bovles Bros. Dri l lor  R *  Sharp 
Dato Drl l lad October 7 9 .  1987 no lpor  T- M P - t  

Drllllng N o t h o d  Drlll lne f lu id  None 
Lo@@od BY J. ~ ~acchus C h o c k o d  B y  

Ooologlat alto marasor 

C tARP  Mana@or 
c~~~~~~~ Jorehole backfilled with Portland Type I Cement. 

*Coordinates and elevation estimated from topographic map 

V 

- 5  
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L O G  
O F  

B O R E H O L E  

~ o c ~ t i o n  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area ~ o r o ~ o ~ o , W o l l  N~ spay - 87 

c o o r e l n r t o r  * N 17485 E 21512 G r o u n d  S u r l a c o  E l o v a t l o n  *5978 7 '  
T o t a l  D o p t h  2 0 . 4 '  W @ t o r  L o v o l  E n c o u n t o r o d  1 2  8 '  

e 
Drl l l lng C o m p a n y  

O r l l l l n g  Yothod  Hollow Stern Auger 
Loggod B y  J. ~~w~ 

0.10 Drl l lod Octpber 31 and 7 6 .  1987 

Goo lo @la t 

S tDt IC  

D r l l l o r  J? w n  

H01p.r T Merritt 

Or l l l lng  P l u l d  None 

C h o c k o d  D y  
$It. Yonomor 

CEARP Yonomor 
Commontr Borehole b a c k f i l l e d  with  P o r t l a n d  Tvpe I Cement. 

*Coordinates and e l e v a t i o n  estimated from topographic  map 

I 
- 0  

I I / 
S o m p l o r  C o l l o t t o d  or / Othor  T a r t @  ?o r to rmod  

I I 

ARTIFICIAL FILL/DISTURBED 

0 2 0' SAMPLE 
-Recovered 1 75/2 0' = 86% 
SOIL dark yellowish brown (10 YR 4/2), roots in 
the upper 0 4 ft, sizes range from clay to small 

-cobbles, clasts are very angular and not oriented 
in any order, very poorly sorted, dry 

ROCKY FLATS ALLUVIW 

2 0-4 0' SAMPLE 
Recovered 1 5/2 0' = 75% 
2 0 3 1' CLAY same! as above 
3 1-3.5' CLAY same as above except much more 
clay, grayish black (N 2/01, moist 

4 0 5 0' SAMPLE 
Recovered 0 6/1 0' = 60% 
CLAY. same as above except a large quartzite 
cobble 

5 0 8 0' SAMPLE 
Recovered 1 85/3.0' = 62% 
5 0-5 7' CLAY dusky red (5 R 3 / 4 ) ,  SOme Sand, 
wbbles to 2 5" diameter, clasts range from 

- 10 

. rounded to angular, moist 

. 
- 8 0 10 5' SAMPLE 

5 7-6 85' SAND moderate yellowish brown (10 YR 
5/4), small cobbles and clay clasts range from 
rounded to angular, no HCL reaction 

Recovered 1 1/2 5 '  = 44% 
SAND moderate yellowish brown (10 YR 5/4), 
mottled uith very pale orange (10 YR 8/2), silty 
sand, large quartzite clasts that are subrwndcd . to angular, high amowit of caliche, very poorly 
sorted, dry 

- 10 5 12 8' SAMPLE 
Recovered 1 312 5 '  = 52% - SAND modcrate yellowish brown (10 YR 5 / 4 ) ,  poorly 
sorted, quartzite clasts that range in size from 
mall cobbles to larae #bbles. sane silt, very - Little clay, no HCl reaction 

. 

- 20 

HNu BackgrovldrO 4 
OVA Backgrand = 0 0 2 2 
Ludlrm Backgrourd = 0 0 

2 0-3 5' Reading on 
Core HNw2 0,.OVA=20 

2 0 3 5' Direct Hit 
SampLe SP038702DH 

Reading in Augers 
H N d ,  OVA=39 

4 0 4 6' Field Screen 
Sample SPO38703FS ( V a s  
only) 

10 3 1 1  6' Readings on 
Core HNu=O 3, OVA=3 6 

10 3 1 1  6' Direct 
Hit/Upper Contact Sanple 
SP038711DH 

12 8-14 4' Readings on 
Core HNwO 3, OVk2 6 



LOG 
OF 

B 0 R E H 0 L E 

CLAYSTONE scm as above except getting sandy 

Total depth with plopper 17 9' 

-- near the bottom of the run 
* =  Adjust depth 

-- 17 9-20 4' SAMPLE 
Recovered 1 8/2-51 = 72% 
17 9-18 0' CLAYSTONE Light olive gray (5 Y 5/2), 

* -  stained light brown (5 YR 5/61, dense, no HCl 
reaction, moist to wet .. 18 0-19 SILTSTONE dark yellowish orange (10 
YR 6/6), some coarse-grained sand clasts, pockets 
of caliche, dry 

TOTAL DEPTH 20 4' 

~ ~ ~ ~ t l ~ ~  Rockv Flats Plant, Solar Ponds Area I ) o r ~ h o l ~ , W ~ l l  

Coordlnator  Ground Sur fat .  E lovat lon 
t o t a l  Dopth Wator  L o v o l  Encountorod  

Drllllng Company Dr l l lor  

0.10 Drlllod Holpor 

Drllllng Mothod Drl l l lng Fluld 

<PO? - 87 ( r a t  'd .  

Stat ic  

Chocked  E y  L0Qg.d B y  
Goologis t %It. Managor 

CEARP Managor 
Commontr 

t t  

ii 

I 

12 8-15.2' SAMPLE. 

12 8 13 2' GRAVEL moderate yellowish brown (10 
YR 5/4), very poorly sorted, clasts are highly 
angular, clay, silt and sand, saturated, 
encountered water table at the top of the run 

- Recovered 1 6/2 5' = 64% 

- 
ARAPAHOE FORMATION 

13 2-14 4'  CLAYSTONE light olive gray (5 YR 3/2), 
mottled light brown (5 YR 5/61, dense, pockets of 
caliche, semi-moist to dry 

15 2-17 7' SAMPLE 
Recovered 1 7/2 5' = 68% 

I 

I 
Samplor  Col loctod or / Othor  T o r t s  Portormod 

12 8 14 41 contact 
Sample SP038713CT 

15 2 16 9' Readings on 
Core HNwO 4, OVA=5 2 

15 2 16 9' Bedrock 
Sanple SP038716ER 

17 9-19 7' Readings on 
Core HNwO 3, OVA=2 6 
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L O G  
OF 

BOREHOLE I 

I 

Location Rockv Flats Plant, Solar Ponds Area B o r ~ h o l ~ / w ~ l l  N~ sPO4-87 
E 71870  Coordinator * N 17561 G r o u n d  Surface E l o v 8 t i o n  *5971.8' 

T o t a r  OODth 37 0'  W a t o r  L o v o l  E n c o u n t o r o d  12.0' 

3t.tlc 
I 

Orll l lng Company  Bovles Bros D r Ill 0 r J-D 

0110 Drll lod  October 30 and November 3 and 4 ,  no lpor  T Merritt 
Drlll lns Yothod Hollow Stem A u ~ e r  Orttttns Fluld None 

, 

I 
P.90 O f  3 

Loggod B Y  J. ~acrhrls 
Goo log la t 

C t A R ?  mara@or 
Conmontr Borehole backfilled with Portland Type I Cement 

*Coordinates and elevation estimated f r o m  topographic map 

.. 
Llthologlc Dorcr lpt lon 

/ / 

ARTIFICIAL FILL/DISTUREED 
L 

0 0 2.0' SAUPLE 
Recovered 1 2/2.0' = 60% 

- 5  

- 10 

15 

a 

0 0 0 3' PEBBLE large 
0 3 0 9' CLAY moderate yellowish brown (10 YR 
5/41, sand, silt and pebbles, clasts are angular 
to subrounded, slight reaction to HCL, moist 
0 9 1 2' IGNEOUS ROCK some fractures 

2 0 - 4  0' SAMPLE 
Recovered 1.7/2 0' = 85% 
GRAVEL dusky brown (5 YR 2/21. cobbles to 4 
inches in diameter, held together with clay, no 
HCL reaction; moist 

Recovered 1 8/3 0' = 60% 
4 0 - 4  8' GRAVEL stme as above 
4 8 5 8 '  CALICHE, very pale orange (10 YR 8/2), 
silt, small angular cobbles similar to the clasts 
above; dry 

4.0-7 0' SAMPLE 

7 0-9 5' SAMPLE. 
Recovered 1 7/2 5'  = 68% 
7 0-8 3 '  CALICHE same as above 
8 3-8 7' GRAVEL uith caliche, similar to caliche 
above, dry, spotted with moist areas 

ARAPAHOE FORMATI ON 

9 5 12 0' SAMPLE 
Recovered 0 6/2 5' = 24% 
SANDSTONE- yellowish gray (5 Y 7/2, contains small 
pebbles, grains are rOunded to subrouded, coarse- 
grained, some clay, very mist 

Recovered 2 9/2 5' = 116% .. 12 0 12 2' GRAVEL moderate yellowish brown (10 
YR 5 / 4 ) ,  come clay and sand, wet 
12 2 14.5' CLAYSTONE light olive gray (5 YR - 5/2),  mottled with dark yellowish orange (10 YR 
6/61, mist 

- 12 0 14 5'  SAMPLE 

Sampler Colloctod or 
t o r t r  P o r ? o r m o d  

HNu B a c k g r d  = 0 4 - 0  5 
OVA Backgrouwl= 0 6-3 6 
No Ludlun readings taken 

2 0 - 3  7' Readings on 
Core HNu = 15, OVA = 
0 4  

2 0 3 7' Direct Hit 
Senple SP048702DH 

4 0-5 8'  Reading on 
Core HNd00, OVASO 2 

4 0 5 8' Direct Hit 
Sample SP068704DH 

4 0 5 8' Duplicate 
Senple SP04870040 

- 7 0' Readings in 
Breathing Zone HNw1 2, 
OVA-1 0 

I 7 0-9 5'-  Readings on 
Core HNw750, WA=O 2 

7 0 8 7' Direct 
Hit/Uppcr Contact Smple 
SP048707DH 

10 5' Readings in 
Breathing Zone HNur0.6, 
OVAs2.5 

9 5-11 1 ' -  Readings on 
Core HNurZO, OVA.7 8 

9 5 1 1  1' Direct 
Hit/Contact S q l e  
SP06871ODH (VOAs only) 

- 

I 12 0-14 5'  Readings on 
Core. "-85, OVA13 3 

12.0 14 5' Direct 
Hit/Uatcr Table/ 
Bedrock Sanple 
SPOC8712DH 



LOG 

BOREHOLE 
I O F  

Location Rockv Flats Plant. Solar Ponds Area B o r ~ h o l o / W o l l  No SP04-87(contid 
Ground S u r t o c o  Elorat Ian 

Wator  L o r o l  Encountorod  

c oor  dlna t o s  

Total  0 0 0 t h  

8tat lc  

Dflllbng C o m p a n y  0rtII.r 

0.10 Drll1.d n o ~ e o r  
Drlllbng Nothod  

Losaod DY Choekod 81 

Drlllln@ Cluld 

OooIogi r t  $It. Uaromor 

C tARP  Uorr#or 
Cornrnontr 

14 5 17 0' SAMPLE 
Recovered 2.7/2.5' = 108% 
14 5-15 1' CLAYSTONE light olive gray (5 Y 5/21 
staid with dark yellowish orange (10 YR 6/61, 
blocky structure, concretions of caliche, moist 
15 1-17.0' Same as above, wet 

CLAYSTONE sane as above except w h  more sandy, t t t dry 
- 4  v 

17 0-19 5 '  SAMPLE 
Recovered 2.6/2.5' = 1(u% 
17 0-17 2' CLAYSTONE same as above 
17.2-18 3'. CLAYSTONE dark yellowish orange (10 
YR 6/6), slightly moist 
18.3-19 5' CLAYSTONE olive gray (5 Y 3/2) 
mottled with dark yellowish orange (10 YR 6/61, 
very slightly moist 

19 5 22 0' SAMPLE 
Recovered 2 6/2 5' = 104% 
CLAYSTONE sann? as above 

Recovered 2 5/2 5' = 100% 
CLAYSTONE same as above except a little more 
sand 

24 5-27 0' SAMPLE 
Recovered 2 5/2.5' = 100% 
3 - 5 - 2 5  0' CLAYSTONE same as above except less 
sand, more consotidated 8nd dry 
25 0-27 0' CLAYSTONE olive gray (5 Y 2/21, some 
coal, slightly sandy, dry 

27.0-29.5' SAMPLE. 
Recovered 2.5/2.5' = 100% 
CLAYSTONE same as above except layers of 
oxidation from 0 2 to 0 4 ft in thickness, dark 
yellowish orange (10 YR 6/61, grades from pure 
claystone at the top to very sandy claystom at 
the bottom, pockets of caliche in unweathered 
areas, dry 

* 29 5 32 0' SAMPLE 
Recovered 2 7/2 5' = 108% 

14.5-17 0 ' .  Readings on 
Core HNurl 0 ,  OVA.2.8 

14 5-17 0' Field Screen 
Reading 
H~u=650(0 5), 
OVA=3 6(321 

14 5-17 0 ' -  Field Screen 
Sanple SP048715fS 

17 0-19 5' Readings on 
Core HMm45, WA=3 2 

17 0-19 5' Direct Hit 
Sample SP048717DH 

19 5-22 0' Readings on 
Core H N d ,  OVA=3 0 

19 5-22 0 ' .  Direct Hit 
S m l c .  SPOCBROOH 

22 0-24.5' Readings 
Core HNu = 450, OVA = 
30 

22.0-24.S1 Direct Hit 
sample SPOCSRZDH 

24.5-27- Readings on 
Core- HNh5, OVAr3.0 

26.5-27.0'- Direct Hit 
Sample SP048nSDH 

27 0-29 5'. Reedings on 
Core HNu4 0, OVA=5 8 

27.0-29 5 '  Direct H i t  
Sample SP048727DH 

2 m :  Readings on 
Core HNw0.0, WA=5 4 

29 5 32.0'. Direct Hit 
Swrple. SPOW173OOH 



LOG 
O F  

BOREHOLE 

Location R a n d s  Area Boroholo /Wol l  N o  SP04 - 87 1 rnnt f a  \ 

Coordinator  Ground Sur faco Elovat lon 

Total D o p t h  W8t . r  L o v o l  Encountorod  

Stat ic  

Drilling Company Dri l lor 

D8tO 0rlIlod Holpor 

Drllling Mothod Drl l l lng Fluid 
Loggod By  

Goologl r t  
Chockod  B y  

Slto Managor 

CEARP Manamor 
Commontr 

a 

Sampler Col loctod or / Othor  Toat r  Portormod 

32 0 34 5'  SAMPLE. 
Recovered 2 7/2 5 '  = 108% 
CLAYSTONE ~ derk yelkowirh orange (10 YR 6/61 
mottled uith grayish orange pink (5 YR 7/21, very 
thin seuns of coal, no Htl reaction, ueathered, 
slightly moist 

3L 5-37 0' SAMPLE 
Recovered 2.512 5' = l O o X  
CLAYSTONE olive grey (5 Y 3/2) mottled uith dark 
yellowish orange (1O.YR 6/6), sandy, contains some 
coal, dry t 

TOTAL DEPTH 37 0' 

32 0-34 5' Readings on 
Core HNu=O 2,  OVA4.8 

32 0-34 5' Direct Hit 
Serrple SP048732DH 

34 5 37 0' Readings on 
Core HNWO 0, OVASO 5 

34 5 37 0 ' -  Field Screen 
Readings HNurO(0 O), 
OVA4 8(0 8 )  
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L O G  
OF 

B O R E H O L E  

Locat ion  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area B O ~ ~ ~ O I . ,  w.11 w 0  SPO5-87 
Coord ina toS  * N '37865 F 7 i ~ i n  Ground  Sur faco  E lovat ion  *5971.6' 
T o t a l  0 0 0 t h  2 1  8 '  W a t o r  L o v o l  E n s o u n t o r o d  15 3 '  

s t8 t iC  

Dril l lng ComDany  Bovles Bros Dr l l lo r  1 
D a t o  Dr l l led  N O V P ~  5 apd 6 .  1987 T " l e r r i t t ,  S B r a d f i e l d  

Drl l l lng Y o t h o d  Hollow Stem Auger Dr l l l ing  Fluld None 
Logged B Y  J Bacchus C h o c k o d  By 

Ooo iog l r t  8110 Yarogor  

C t A R P  Yaramer 
Commo,,tr Borehole  b a c k f i l l e d  with P o r t l a n d  Type I Cement 

*Coordinates  and e l e v a t i o n  e s t i m a t e d  from topographic map. 

' 0  

I I I 

- 0  

0 0 - 2  0' SAMPLE 
Recovered 0 4/2 0' = 20% 
SOIL moderate yellowish broun (10 YR 5/41, roots, 
sand, clay, silt, dry 

- 5  

10 

15 

20 

Pn0UeT A ARTIFICIAL FILL/DISTURBED 

2 0 4 0 '  SAMPLE 
Recovered 1 3 2  0' = 65% 
GRAVEL dusky yellowish 
cobbles, pebbles, sand, 
particles, wet to mist 

4 0 7 0' SAMPLE 
Recovered 1 6/3 0' = 53% 
4 0-4 7' GRAVEL same as 

brown 
Silt, 

above 

(10 YR 2/2) small 
and clay, angular 

4 7 7 0' CLAY dark reddish brown (10 R 3/4), 
some sand and smell angular cobbles, dense, dry 

i 
7 0-9 5' SAMPLE 
Recovered 1 3/2 5' = 52x 
SAND very pale orange (10 YR 8/2) and dark 
yellowish orange (10 YR 6/6), sand, silt, and 
cobbles, high amount of caliche, poorly sorted, 
dry 

9 5 12 0' SAMPLE 
Recovered 1 1/2 5' = 44% 
SAND same as above except slightly moist near 
the bottom 

Total depth of borehole meesured 12 8' .  adjust 

12 8 15 3' SAMPLE 
Recovered 1 6/2 5 ,  = 64% 
SAND Light olive gray (5 Y 5/21. small cobbles, 
pebbles, silt, clay clasts are angular, slight HCl 
reaction, uet on top 0 3 ft, moist in the rest of 
the run 

15 3-17 3' SAMPLE 
Recovered 2 0/2 0' = 100% 
15 3 16.3' GRAVEL same as above except Less 
sand, strong HCl reaction, very wet 

Somplor  Co l loetod  or / O t h o r  Tortr  Por to rmod  

HNu Backgrwnd4 2 
OVA Backgromd=0.8 
No Ludlun readings taken 

0 0-0  4' Readings on 
Core HNu = 1 0, OVA = 
1.2 

0 0-0 L 1  Direct Hit 
Satrate* SP058700DH (VOAs 
a d '  R ~ S  only) 

2 0 3 3' Reading on 
Core HNu-0 8, OVA=ll 

2 0 3 3' Direct Hit 
Sanple SP0587OZDH 

4 0 5 6' 
Core HNwO 8, OVA4 8 

Readings on 

4 0 5 69 Direct Hit 
Sanple SP058704DH 

7 0-8  3' Readings on 
Core "-9, OVA=7 8 

7 0 - 8  3' Direct Hit 
Sample SP058707DH 

9 5 10.6' Readings on 
Core HNur3.0, O V A 4  8 

9 5 10 6' Direct Hit 
Sanple SP0587100H 

12 8 14 4' 
Core HNur2.2, OVAi2.8 

12 8 14 4' Direct Hit 
Sample. SP0587120H 

15.3 17.3' Readings on 
Core HNw1 0, OVA32 8 

Readings on 

15 3 17 3' Direct Hit 
Sanple. SPD58716DH. 



LOG 
OF 

BOREHOLE 

Locatlon Rocky Ponds Area Bor.hol./W.ll N O  SP05-87(cont1d ) 

Coordlnrtos Ground S u r f a c o  Eloratlon 
a 

Tot81 Depth W a t o r  L o r o l  Encountered 

Drllllng Company 

Dato Drlllod 

Drllllng Yothod 

Loggod my 
Ooologlst 

Commonts 

.. 

Cltholo#lc Doscrlptlon 

ARAPAHOE FORCUTION 

t 

.. 
Smmplos Colloctod or / Othor t o r t s  Portormod 

17 8 19 8' SAMPLE 
Recovered 2 Z/Z OB = 110% 

I 

CLAYSTWE dwky yellou (5 Y 6/4) to light olive 
gray (5 Y 5/21 mottled uith dark yellouish orange 
(10 YR 6/6), blocky structure, no HCl reaction, 
m i s t  to net 

19 8-21 8' SAMPLE t Recovered 2 2/2 0' = 110% 
CLAYSTONE Same as above except small pockets of 
caliche, mist 

TOTAL DEPTH 21 8'  

.h 
I I - 

17 8 19 8' Field Screen 
Readings* HNu=O.O(O.O), 
OVA=O 4 ( 0  4 )  

19 8-21.8' Field Screen 
Readings HNu.0 O(0 O), 
OVA=O 1(0 4 ) .  

LI 

L o f  L . -  
Pago 
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Hydraulic Conductivity Test Data 
and Results 

Packer Test Data and Results 

Water Level Data 

Saturated Thichness Hvdiogiaph 

ORlGlNAl PROCFSS WASTI- 1 INES CLO'WRF CIIARACTFRI7ATION R E P O R T  
ROCK\ FLATS PLANT GOLDEN COLORADO APPENDIX A 



L O G  
O F  

B O R E H O L E  

Locat ion  Rockv Flats Plant, Solar Ponds Area ~ o r o ~ o ~ ~ ; ~ o ~ ~  N~ SPO6-87 
C o o r d i n a l o r  E 27100 Ground  S u r f a c o  E l o r a t i o n  * 5 9 7 2 . 9 '  

T o t a l  D e p l h  30 7 '  W a t o r  L o v e 1  E n t o u n t o r e d  hone 
Statlc 

Drll l lng Company  Bovles Bros Dr i l lo r  R. WD 
0.10 DrIIIod November 18 and 19 ,  1987 Holpor  T Merritt 

Drl l l lng Yothod Hollow Stem Auger Drl l l lng  Fluld None 
Loggod B y  J Bacchus 

Oooioglrt  

CLARP Uanr@or 
Commo,,tr Borehole backfilled with Portland Type I Cement. 

*Coordinates and elevation estimated from topographic map 

a 

5 

10 

15 

20 

ARTIFICIAL FILL/DISTURBED 

0 0-2.0' SAMPLE 
Recovered 0 7/2 0' = 35% 
0 0 0 4' SOIL dark yellowish brown (10 YR 
4/2), sandy; grass and roots, wet to mist 
0 4-0.7'. CLAY moderate yellowish brown (10 YR 
5/4) mottled with very pale orange (10 YR 8/2), 
caliche, sand, small angular cobbles, mist 

2 0 - 4  0' SAMPLE 
Recovered 1 7/2.0' = 85% 
CLAY same as above, except slightly Larger 
clasts, moist 

--- 

4 0-5 0'  SAMPLE 
Recovered 0.0/1 0' = 0% 
QUARTZITE angular block 

5 0-8  0' SAMPLE 
Recovered 1 5/3 0 '  = 50% 
CLAYEY SAND dark yellowish orange (10 YR 6/6), 
large angular pebbles, slight HCl reaction, dry 

8 0-10 5' SAMPLE 
Recovered 2 4 / 2  5' = 96% 
8 O-lO.O1 SOIL dusky brown (5 YR 2/21, roots, 
clay, sand, silt, and smell angular cobbles, dry 
10 0 10 4' SAND pale yellowish brown (10 YR 
6/21, contains clay and silt, smell angular 
cobbles, no HCl reaction, dry 

Recovered 1 9/2 5, = 76% 
CALICHE- very pate orange (10 YR 8/21, sand, 
silt, clay, smell cobbles and pebbles, clasts are 
angular, dry to slightly moist 

13 0 15 5'  SAMPLE 
Recovered 1 3/2 5'  = 52% 
CALICHE sine as above except the sanple is 

, coarser at the bottan 

15 5 18 0' SAMPLE 
I Recovered 1.2/2 5' = 48% 
CALICHE smne as above but not as coarse. m r e  ---- ---- -_-- small angular cobbles, slightly mist {E??$,;+ ---- 

Sampler COlloctOd or 
T o r t s  P o r t o r n o d  

HNu Backgrovwl.O.7 
OVA Backgroudr0.8 
Ludlm BwkgrwnbO.0 

0 0 0 7' Reedings on 
Core HNu = 0 2, OVA = 
0 7  

0 0 0 7' Field Screen 
Reedings. HNwO 4 ( 0  31, 
OVA=O 6(0 6) 

2 0 3 7' 
Core HNu=O 6, OVASO 7 

2 0-3 7 '  Field Screen 
Read1 ngs HNw400(45 1, 
OVA=O 8(0 6 )  

2 0 3 7 '  Field Screen 
Senple SPO68702FS 

5 0 6 5 '  Readings on 
Core HNwO 4, OVASO 8 

Readings on 

5 0-6.5' Field Screen 
Readings HNlpO 4 ( 0  4), 
OVA=O.O(O.O) 

8 0-10 41 Redings on 
Core HNr~0.0, OVA=l 7 

8 0-10.4' Direct Hit 
sanple. SPO68M8DH 

Reedings on 
Core HNw5 0 ,  OVA=l 9, 
Ludlurrsl 

10 5 12 4' Direct Hit 
Senple SP068711DH 

13 0 14 3' Readings on 
Core HNw1 2, 
OVA=ZO.O,Ludlurrs1 

13 0 14 3' Direct Hit 
Sample. SPO687130H 



LOG 
OF 

BOREHOLE 

Locat ion Bprkv F l i t s  P b t -  S o h r  PQXI ds Area Boroholo /Wol l  N o  9 0 6  - 87(rnnt'd.) 
Coordinator G r o u n d  S u r f a t .  Elovat lon 

Tot81 Dopth Wator  L o v o l  L n c o u n t o r o d  

Drllllng Company 

D8to Drll lod 

Orllllng Yothod 

Loggod B Y  
O.olo*lrt 

Commontr 

8ampI.r Col loctod or / Othor Toat. ?or formod 

/ / - 
ARAPAHOE FORMATION 

2 

CLAYSTONE light olive gray (5 Y 5/2) mottled 
with dark yellowish orange (10 YR 6/61. some sand 
near the bottom of the run, pockets of caliche, 
mol st 

20 5 23 0' SAMPLE 
Recovered 3 3/2.5' = 132% 
20.5-21 0'  SANDSTONE dark yellowish orange (10 
Y 6/6) mottled with very pale orange (10 YR 8/21, 
grains are well rounded, high mount of caliche, 
al l  rOunded pebbles, dry 
21 0-23 Dl CLAYSTONE light olive gray (5 Y 
6/21 mottled with dark yellowish orange (10 YR 
6/61, pockets of sand, no caliche, slightly moist 
to dry 

_ _ - -  

- - -  lF:u depth Total depth of borehole measured 23.2', adjust 

---- 
23 2-25 7' SAMPLE 
Recovered 2 5/2.5' = 100% 
CLAYSTONE same as above 

---- ---- ---- ---- - 30 -------- ---- 
25 7-28 2' SAMPLE 
Recovered 2.8/2 5' = 112% 
CLAYSTONE olive gray (5 Y 3/2), slightly 

I I I weathered, contains sand near the top of the run, 

28 2 30 7'  SAMPLE 
Recovered 3 0/2 5' = 120% 
CLAYSTONE olive gray (5 Y 3/2), mottled with 
Light brown (5 YR 5/6), slightly sandy, blocky 
structure, dry 

TOTAL DEPTH 30 7 '  

15 5-17 7'  Redings 
Core HNw1 0, O V A 4  0 

15 5-17 7' Direct Hit 
Sample SP0687160H 

18 0 20 5' 
Core HNwO 0 ,  OVAr2.3 

18 0-20 5' Direct Hit 
Sample SP068718DH 

20 5-23 0'  Readings on 
Core HNwO 0 ,  OVA=2 0 

Redings on 

20.5-23.0l Djrect Hit 
Sample SP068RlDH 

23 2-25.7l Readings on 
core HNu = 2 2, OVA = 
7 1  

23.2-25 7 ' -  Direct hit 
sanplc SP068724DH 

25 7-28 2'. Readings on 
core 
6 1  

HNu = 1 0, OVA = 

25 7-28 2' Direct hit 
sanple: SP068726DH. 

28 2-30 7' Rdrngs on 
core HNu = 1 0 ,  OVA = 
1 8, Ludlm = 5 

28 2-30.71 Field screen 
readings- HWU = 
1.0(1 O), WA = 1 4(1 4 )  
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LOG 
OF 

BOREHOLE 

~ o c r t i o n  Rockv Flats Plant, Solar Ponds Area 
c o o r d i n a ~ o r  * N 3 7 4 8 5  E 27100 

T o t 8 1  D o p l h  31.0' 

Drl l l lng C o m p a n y  Bovles Bros. 

Drllllng Y o t h o d  Hollow Stem Auner 
Loggod By J. Bacchus 

0.t. Drillod 1 7 .  1987 

Ooologlat  

CEARP Yaro@or  

Conmonta Borehole backfilled with Portland Type I Cement. 
*Coordinates and elevation estimated from topographic map 

u 

L l tho log lc  Dorcr lp t lon  

ARTIFICIAL FILL/DISTURBED 

0 0 2 0' SAMPLE 
Recovered 1 8/2 0' = 90% 
CLAY moderate yellowish brow (10 YR 5/41, small 
angular cobbles, prbbles, sand and silt, grcen . grass and roots, caliche, moist 

2 0 4 0' SAMPLE - Recovered 1 8/2 0' = 90% 
2 0-2.2' CLAY as above 

ROCKY FLATS ALLUVIUM - 5  

10 

15 

2 2 2 5'  dark reddish brown (10 R 3/41, 
clasts are very angular quartzite, clay in between 
clasts, very sticky, moist 
2 5 3 8' CLAY moderate brow (5 YR 4 / 4 ) ,  
pebbles, send and silt, dry 

4 0 5 0' SAMPLE 
Recovered 1.2/1.0' = 120% 
CLAY same as above except nuch larger clasts, 

GRAML 

dry 

5 0-8 0' SAMPLE 
Recovered 1 3/3 0' = 43% 
5 0-5 8' CLAY Samc as above 
5 8-6.3' CLAY dusky yellwish brom (10 YR 
2/21 at the top grading to dark yellwish orange 
(10 YR 6/6) at the bottan, gravel, sand and silt, 
pockets of caliche, slightly moist to dry 

8 0-10 5 '  SAMPLE 
Recovered 2 3/2 5'  = 92% 
8 0-8 5 '  CLAY same as above 
8.5-10 3' CLAY dusky brown (5 YR 2/21, roots, 
caliche, cobbles, sand, pebbles, silt, moist 

10 5 13 0' SAMPLE 
Recovered 1 7/2 5 '  = 68% 
10 5 11.3' CLAY s a  as above except slightly 
more Yet 
11  3-12.2' SILT pale yellowish brom (10 YR 
6/21, clasts of angular pehbles and coarse-grained 
sand, no HCl reaction, dry 

t f/t 

S r m ? l o a  C o l l o t t o d  or / 01 h o r  t o r t  a ?orf ormod 

~ ~~ 

HNu B8ckgroud = 0 . o - K  
OVA Backgroud = 0.0 0 6 
Ludlun Background = 0 0 

0 0 1 8'  Readings on 
core HNu = 0 1, OVA = 
6 0  

0 0-1 8'  Direct hit 
sMple  SPO78700DH 

2 0 3 8'  
core 
1 1  

Readings on 
HNu = 4 0 ;  W A  = 

2 0-3 8' Direct hit 
sample SP078702DH 

4 0 5 0' Readings on 
core HNu = 0 8, OVA = 
0 0  

4 0 5 0' Ficld screen 
readings HNu 
0 5(0 51, OVA = 0 6(0 5)  

5 0 6 3l .  
core HNu = 0 6, W A  = 
0.0 

5 0-6 3' Field screen 
readings HNu = 
O.S(O.5). OVA = 0 4 ( 0  6) 

Readings on 

8 0 10 3' Readings on 
core HNu = 0 5, OVA = 
0 8  

8 0 10.3' Field screen 
readings HNu = 
0 3(2.2), OVA = 6 8(3 21 

8 0-10 3' Field scram 
swple SP078708FS 

10.5-12 2' Redings On 
core HNu = 1 0 ,  WA f 

24. 
10.5-12.2' Direct hit 
s-1 e SP0711tl ?DH 



LOG 
O F  

BOREHOLE 

Location Rockv F l a t s  P b t -  S o l a r  PQ nds Area l o r o h o l o / w ~ ~ i  NO 9 0 7  - 87(rnnt'd-\ 
Coord lnator  Ground Surroco  Elovatlon 

Toto1 Dopth W a t o r  L o v o l  Encountorod 

Drllllng Company Dr l l lor  

0.10 brlllod n o ~ p o r  

Drllllng Mothod Dr l l l l rg  Fluld 
Loggod B y  

ttmtlc 

C h r e k o d  D y  
Ooologl r t  Dit. Banogor 

CtARP Yarrgor 
Commontr 

18 0-20 5 '  SAMPLE 
Recovered 1 3/2 5'  = 52% 
SAND same as above but more coarse, uet 

ARAPAHOE FORMATION 

13 0-15 5 '  SAMPLE 
Recovered 1.8/2 5 '  = ?2% 
13 0 13 8'  SILT same as above 
13 8-14 8'  CLAY mottled dark greenish yellov 
(10 Y 6/61 and grayish olive (10 Y 4/21, sand, 
silt, pebbles and small cobbles, mist 

15 5-18.0' SAMPLE 
Recovered 1.2/2.5' = 48% 
SAND grayish orange (10 YR 7/41, coarse. clay. 
large akular pebbces, high W u n t  of caliche, 
moist 

21 3 23 0' CLAYSTONE light olive gray (5 Y 
5/2) mottled uith pale yellowish orange (10 YR 30tk?3Zm _ - _ -  __-_ ---- 8/61, dmse, mist 

23 0-26 0' SAMPLE 
Recovered 5 0/3 0' = l6Tx t t t  CLAYSTONE same as above 

26 0 28 5' SAMPLE t t t  Recovered 3 0/2 5 '  = 120% 
26 0 27 2 '  CLAYSTONE same as above 
27 2 28.5' CLAYSTONE olive gray (5 Y 3/21, 
mottled uith Light brow (5 YR 5/61. dense, dry 

35 

- - t  28 5-31 0 '  SAMPLE 
Recovered 3 3/2 5' = 132% 
CLAYSTONE same as above 

TOTAL DEPTH' 31 0' t t t  
4 ' 

Srmglor  Collretod or 
Othor Toata Cortormod / 

13 0 14 8'  
core HNu = 0 4 ,  OVA = 
30 

Readings on 

Direct hit 
sample SP078713OH 

15 5-16 7' Readings on 
core HNu = 1 0 ,  WA = 
1 1  

15 5 16 7' Direct hit 
sample SP018716DH 

18 0-19 3 '  Readings on 
core HNu = 0.6, OVA = 
1 1  

18 0 19 3 '  Uater table 
sample SPQ7871BuT 

20 5 23 0' Readings on 
core HNu = 1020, OVA = 
2 0  

20 5-23 0' Contact 
slvnple SPO78721CT 

23 0-26 0' Readings on 
core- HNu = 95, OVA = 
5.2 

23.0-26 0' Bedrock 
sMple SP078723BR 

26 0-28 5' Readings on 
core HNu = 0 4 ,  OVA = 
4 0,  Ludlun = 2 

26 0-28 5' Direct hit 
sample SP0787260H 

28 5 31 0' Readings on 
core HMu 0 6, OVA = 
0 2 ,  Ludlun = 1 

28 5-31 0 ' -  Field screen 
readings HYu = 
140(140), OVA = 0 5 (0  4 )  - 

?09* 2 O f  L 
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L O G  
O F  

BOREHOLE 

- - R/SPO8 87 ond Area ( loroholo /Wolt  N o  Locat lon  & k v  F-tr Wnr P 
~ o o ~ c d l n a t o r  Y 38094.04 E 22166 32 Ground S u r r a t o  E lorat lon  5947 10' 
T o t a l  D e p t h  140.00' W i t o r  L o r o l  E n c o u n t o r o d  

Drll l lnQ Company  B o y l e s  B r o s  Dr l l lo r  T High 
D i t 0  Drll lod Oct  29-30 and Nov 6-10, 1987 1i01p.r B Keenev 
Drlll inQ Mothod u o w  Stem Alive r. NC Core Drlll lng Fluid  None 

L0QQ.d BY R. Treat- K . D ,  H o U a v  Chock04 B y  

S t8 t lC  

GOOlOel8t atto Ya  *#or 

CEARC Uanaeor 
Conmontr 

GRAVEL A N D  CLAY dark dusky brown 
( 5  YR 2 /2 )  to  mixed light brown, weaklv 
cemented, subangular. subrounded 
qnartzrte gravel poorly sorted low 
plastic, slightly sandy, f ine-grained. light 

Kecovered 1 5 / 1  5' = 100% 
2 0 - 3 : '  GRAVEL A N D  CLAY dark 
yellowish orange ( 1 0  YR 6 / 6 )  to inoderate 
vellowish oraiige (10 YR 5 / 4 )  w i t h  gravel 
to 4 0 0  mm and larger sand varying ( 2 0 -  

3 2-3 5' CLAY dark yellowish orange (10 
YR 6 / 6 )  moderately cemented, shghtly 
sandy, f iue-grained, occasional small scat- 
tered gravel,  highly plastic,  very moist 

3,5-6.5'SAMIPLE. 

1 5  0 to 0 5-1 0 0), l ight  moist 

Recovered 3 013 0 = 100% 
3 5 - 5 2 '  CLAY moderate brown (5  YR 
4 / 4 1  to varyiiig grav, considerablv oxide 
stniiied low plastic. f iiie-grained sand 
( 3  0-2 5 0). weaklv cemented, claystone 
fragments,  moist 

ARAPAHOE FORMATION 

5 2-6 S CLAYFY SANDYTONE light 

S a r n ~ h s  Colloetod or / Otkor Tor t .  ?ortormod 

IINu background=O 2 
OVA Bachground-2 8 
Ludlum background 
= 0 0  

0 0 - 2 0  Fie ld screen 
rendings HNu = 0 2  
( 0  2). OVA = 2 8 ( 2  8 )  
No ludlum readings 
above background 

2.0-3.5 Fie ld screen 
readings HNu = 0 2 
( 0  2 )  OVA = 2 8 ( 2  81 
No lutllum I eadings 
above background 

3.5-6.5 lrpper con- 
tact  sample 
SP08 8 70 3 l-1 c 

5 5-8.5' Contact sam- 
ple SP088706CT 

9 0-11 5' Bedrock 
sample SPO88709BR 

11 5-14 0' Fie ld  
screen readings HNu 
= 0 2 ( 0  2) .  OVA = 2 8 
( 2  81 

14.0-16.5' F ie ld  
screen readings HNu 
= 0 2  ( O ? ) ,  OVA = 2 8  
( 2  8 )  



LOG 
OF  

BOREHOLE 

't ) 1 Lotat lon  B o r o h o l o / W o l l  No  79 - 87-08 - 87 (con 

Coordlnr  tos  Ground Surfaco Elovatlon 

T o t a l  Depth W a t o r  L o v o l  Encountorod 

Drllllng Company 

0.10 Drlllod 

Drllllng Yothod 

Logged By 
Goologlst 

Statlc 

D r l l l o r  

Holpor 

Drl l l lng  Fluld 

Chockod B y  
a l to  M a r a g a r  

Conmonts  

6 5 - 9 0  SAMPLE, - Recovered 2 012 5 = 80% 
SAND3TONE l i g h t  g r a v  (N 7 / 0 )  to - severely oxide stained brown, f ine -  
graiiird sand ( 3  0-2 5 0). weakly ceniented - massive, slight c l a v  binder weatlieied 
moist 

9 0-11 5 SAMI'LE 
I' Rccovt-iett 2 z 2 5 = i n o r ;  ~~ 

C L A \  E\ SANDSTONE \ a r v i i i g  o\icle 
( F e )  browns to gravs fine-grained sand a s  
above massive. weaklv cemented 
weathered, nioist 

11 5-14 0' SAMPLE, 
Recovered 1512 5 = 60% 

- C L A Y E Y  SANDSTONE as stated above 
continued inoderately oxide staiued 
we at her e d 

140-16.5 S AMPLE, - Recovered 2 012 5' = 8Om0 
CLAYEY SANDSTONE light grav ( N  - 7 / 0 )  to severely oxide stained brown, 
sand ( 3 0 - 2  5 0), massive, low plastic,  - weaklv to moderately cemented 
weathered moist 

16.5-19 0 SAMPLE 
Recovered 2 312 5 = 92% 

-C'LAYEY TO \ E R Y  CLAYEY S A N D -  
STONE oxide staiued brown to llght - g r a y  low plastic massive weaklv 

7 cemented weathered moist 

Sang lo r  Co l loctod  or 
O t h o r  T o r t s  Cmrtormod / 

Readings  i n  
augers H N u  = 0, 
OVA = 28 



L O G  
OF 

BOREHOLE 

Locatlon B o r o h o l o / W o l l  N o  3 9  - R7-n8 - 87 (CPQ 't 
C oordlna  t o a  Ground S u r f a c e  Elovatlon 

Total Doptk W a t e r  L o v o l  Encountorod 

Sta t lc  

Drllllng Company Dr l l l o r  

Dato Drlllod Ho lpor  

D r l l l l n g  Yothod D r l l l l n g  Flu ld  
Loggod 8 y  Chotkocl  By 

Goologlot $It. Manaeer 

C L A A I  Yaraeor 
Commonto 

4 
J. 

4 5  - 

50 

s 

60 - 

19 0-21 SAMPLF - Recovered 1 4 / 2  5' = 56% 
CLAYEY SANDSTONE moderatelv oxide - slaiiied to light gray ( N  710) massive. 
I ine-grained, weathered, moist 

L 

- 
- 
. 

Recovered 1 8 1 2  5 = 72% 
CLAYEY SANDSTONE light pray IN  
7 / 0 )  to severely oxide staiued brown, low 
plastic sands ( 3  5 - 3 0  0 to 2 5 - 2 0  0). 
weakly cemented, massive, moist 

24  0-2  
Recovered 1 2 1 2  5 = 60% 
24 0-3-5 0' C L A l  EY SANDSTONE as  
noted above moist 
25 0-25 2 CLAYSTONE medium gray (N 

I -  4/01, niassive blocky, remaining slightlv 
sandy (3  5-3 0 0). low plastic weathered -- nioisl 

. 
I 

'- 265-29,O SAMPLE 
Recovered 2 5 1 2  5 = 100% 
CLAYSTONE medium g ~ a k  rN - 0 )  
massibe medium plazi ic  s l ieht l \  bloc L \  
now oiiI\ s l i e h t l b  o \ i d e  s t a i n e d  1 1 1  <11ri l ,\ 
a t  2 8 5  a n d  2 8 8  for  2 streaks 

.- 

.- 29.0-31 5 SAMPLE, 
Recovered 1 3 1 2  5 = 52% -- S A N D Y  CLAYSTONE as  noted above 
but n o w  inoderatelv oxide ( F e )  stained -- massive medium plastic. weathered, 
moist 

+ 

SampIoo  Coltoctad o f  / Othor Toots ? o f t o r m o d  

30.10-59 75 Packer 
Test liiterval #10 

59 75-69 40' Packer 
Test Interval # 9 



LOG 
O F  

BOREHOLE 

Loc8t ion  Boroholo /Wot l  No 39-87BR/SP08-87 (COn't ) 
Coordln8tos Ground S u r t r c o  Elovat ion 

Tot81  Dopth W8t.r  L o v o l  Encountorod  

Drilllng Comp8ny Or l l l o r  

Holpor  D i t .  DrlIIod 

Drllllng Mothod Orl l l lng Fluld 
Loggod By 

Stat ic  

Chock06  B y  
~ O O l O g i B t  SIto Maramor 

CCAIP mrnrmer 
C ommort r  

---I---- 31.5-34 0' SAMPLE, 
Recovered 2 212 5' = 88% 
SANDY CLAYSTONE upper formation 69 40-7P 0 5  Packer I (31 5-320 ' )  then slightly sandy, f ine-  Test Interval # S 
grained, severely oxide stained brown to 
a light medium gray (N 6/0), massive low 
to medium plastic,  weathered, blocky, t inoist 

34 0-36.5 ' SAMPLE, 
Recovered 2 512 5 = 100% 
CLAYSTONE dark gray ( N  3/01 to 
medium grav ( N  5/0) .  massive inediuin 
plastic b lockv,  slightly sandv, f ine -  
grained moist I -- 5-39.0 SAMPLE 
Recovered 1 712 5 = 68% -- CLAYSTONE inoderate brown (5 Y R  
414) to  niediuin dark gray (N 6/0) ,  - -  massive. b locky medium plastic, slightly 
sandy, weathered, streaked moist 

a. 

39 0-41 5 SAMPLE -- 
Recovered 2 212 5 = 88% 
CLAYSTONE/SHALE medium dark prav 

blocky slightly sandy, 
f iue-grained, medium plastic. moist 

- (N 4/0), massive 
, .. 
.I- 41 5-34 0' SAMPLE 

Recovered 1211, 5 = 48% -- CLAYSTONE/SHALE medium dark 
gray ( N  4/0)., massive. medium plastic -- somewhat blockv, just slightly snncli 

light nioist 

It 



L O G  
OF 

BOREHOLE 

Locat lon  ~ o ~ ~ h o l . / w . l l  N O  39-87BR/SP08-87 (con’t ) 
C oord lna  t o s  Ground Surtaco E lovat ion  

T o t a l  Dopth  W a t o r  L o v o l  E n c o u n t o r o d  

Dril l ing C o m p r n y  Drl l lor  

Oat. DrlIIod Ho lpor  

Drllllng Mothod  Drl l l lng F lu ld  

Stat lc  

Commontr 

80 

85 - 

90 - 

. 
m L  - Recovered 16814 10’ = 41% 
ROD = 1 0 4 / 1  68’ = 62% - 41 3-41 8’ CLAYSTONE PLUG 
41 8-41 35 SILTY CLAYSTONE dark - gray ( N  3 / 0 )  to olive black (5 Y 2/1L 
some very f ine-grained sand, well sorted - unconsolidated blocky, soft to mediuiu 
hardness, damp 

STONE olive black ( 5  Y 2 /1 ) ,  sand very ‘- 
fine-grained ( 3  5-4 0 0), well sorted, 

,- consolidated blockv medium hardness 
some organics. damp 

4235-4403 S A N D Y  SILTY CLAY- 

45 4-49 5 SAMPLE 

ROD = 3 55/4  10’ = 87% 
.. Recovered 4 10 /4  10’ = 100% 

= -  SANDY CLAYSTONE olive gray (5  Y 
4/11 to olive black ( 5  Y 2 / 1 ) ,  sand very -- fine-grained ( 3  5-4 0 0), well sorted, 
occasional lenses of a coarser grained -- sand ( 3 0 - 2 5  0) pinkish gray (5 Y R  8/11 
increawng down core  when get into sand- 
stone/claystone interbeds, consolidated, 
hard. at 4580’ have a leaf imprint occa-  
sional organics throughout core, damp 

-- 
-- 

s a m p ~ o s  Colloc tod  or / Othor  Tost. Par lo rnod  

79 05-88 70 Packer  
l e s t  Interval  # 7 

88 70-98.35 Packer  
Test Interval  # 6 

98.35-108gQ Packer  
Test  Interval  # 5 

I. 
100 - 

T 



LOG 
OF 

B O R E H O L E  

Locrt lon Boroholo /  W 011 N O  39-87BR/SP08-87 (con't ) 
Coordln8tOS Ground S u r f r c o  E lovr t lon  

Tot81 DOPth W i t o r  L o v o l  Encountorod 

St8tbC 

Drllllng Comprny Dr l l lor  

D8to DrlIIod Holeor 
DrllllnQ Method Dr l l l lng  F lu id  

Loggod By Choekod By 
Qooloal8t SIto Yonmaor 

C E A R P  ~ a r o m e r  
C ornmontr 

ti 

49 5-54 0 SAMPJ.F 
Recovered 4 2014 50' = 93  30% 
RQD = 2 7 0 1 3 9 0 '  = 69% 

gray (5 Y 3 / 2 ) ,  cuttings from above, 
moist 

g r a y  (5 Y 4/11 to olive black (5 Y 2 / 1 ) ,  
same as 4540-49  50 interval at 5225 '  
have some fine-grained sand stained dark 

-. yellowish orange ( 1 0  Y R  6 / 6 )  lenses of 
f ine-grained sand increase down core, at - -  53 5 - 5 4  0 clay is predominant. damp 

-- 4 9 5 - 5 0 7 '  SANDY CLAYYTONE olive 

IC 

50 7-54 0' SANDY C L A Y S T O N E  ohve 

54 0-57 0 SAMPLE 
Recovered 3 3/3 0 = 110% 
HQD = 2 J5/3 30 = 7J'"c 
SAND> ( LAYSTONE sniiie n s  n h \ e  
w i t h  nodules of  \er\ pale oianee (10 R 
8/2) clnv a n d  v e r v  [tile einiiied s a n d  111 

ciensiiie doni1 coie it i h  :2 I i l \ r  I r  1 1  
imprint less fine-grained saiid lenses 
daiiip 

& 

Lithologic Do8cr let lon 

108.00 -117.65 Packer 
Test Interval # 4 

115 65 -125.30 Packer 
Test Interval # 3 

117.65-127.30' Packer 
Test Iutcrval # 2 

122.68-132.33 ' Packer 
Test Interval # 1 

37.0-61 0 S A M P L E  
Recovered 4 014 0' = 100% 
RQD = 4 0 / 4  0' = 100% 
SANDY C L A Y S T O N E  same as above 
w i t h  mole fine-grained sand lenses. clav 
nodules still preserit more organics than 
above clay increases down core w i t h  
6 0  0-61 0' mostly clay, damp 

Recovered 0 0 1 4 0  = 0% i Lost core 



LOG 
OF 

BOREHOLE 

L o c r t l o n  b o r o h o ~ o /  W O I I  N O  39-87BR/SPO8-87 (con't 1 
C oor d lnr  tom Ground S u r f r c o  E l ~ v r t l O ~  

Tota l  Dopth W r t o r  L o v o l  E n c o u n t o r o d  

8tBtlC 

Orllllng Comprny  DrIIIor 

0.10 Drll lod Holpor  
Drll l lng Nothod  

Loggod B Y  
I Drll l ls# Fluld 

Chochod  DY 
8 I to  Maramor 

CgARP marr#or 

Ooolo#lat  

C o n m o n t r  

.n)lor Colloctod or 
hor TOStr  ? o r t o r m o d  L I t ho lo @ I C  D agrlp t lo" 

125 

. 65 0-66.0' SAMPLE 
Recovered 1 5 1 1  0' = 150% 
R Q L ) = O %  
CLAYSI'ONE light greenish grav (5 G Y  
4/1) to dark greeiiish gray (5 G Y  2 / 1 )  

l from 65 0-65 3 ,  rest o f  core olive black (5  . Y 2 , ' l ) .  t i a c e  very fine-grained sand core  
maneled from drilling appears un- 
consolidated and blocky, damp to moist i . 6 6 0 - 7 0 0  S AMFLE 
Recovered S 014 0 = 125% 
R Q D  = 2 6/5  0' = 52% 
6 6 0 - 6 7 5  CLAYSTONE olive black (5  Y . 2 / 1 )  to brownish black (5  \ R  2 ' 1 ) .  trace 
si lt  and verv fine-grained saiid. some 

' -  
organics blockv consolidated. damp 

I -  6 7 5 - 6 8 5  ('LAYSTONE olive black (5  k' 
2 , ' l )  to brownish black (5  Y R  2 / 1 1 .  t race  
silt and very fine-grained sand some 
organics hlockv, consolidated damp .- 6 8 5 - 6 9 5  CLAYSTONE olive black ( 5  Y 
2 / 1 )  to greenish black ( 5  GY 211) to black .- ( N  l/O) trace silt blockv, damp 
69 5-70 0 C LAYSTONE medium bluish 

9 -  gray (5 B 5/1)  to medium gray ( N  5 / 0 ) ,  
highly plastic. block, moist .. 
70 0-74 0 SAMPLE - 
Recovered 0 614 0 = 1 5 5  

( L A I S T O N F  olive black ( 5  I 2 1 )  
medium dark e iav ( N  J 01 b l o c l \  
homoeeiious plastic d a m p  

_ _  R Q D  = 0% 

t 



LOG 
OF 

BOREHOLE 

L o c a t i o n  ~ o r o h o l ~ / w o l ~  N O  39-87BR/SP08-87 (con’t ) 
C o o r d l n r l o r  

T o t e l  Dopth 
Groune Surtaco E lovat lon  

W a t o r  L o v o l  E n c o u n t o r o d  

S ta t lc  

Drllllng Company 0r111or 

oat .  D I I I I O ~  Holpor  

Orll l lnQ Mothod D r l l l l n #  Flu ld  
L O Q ~ O ~  B Y  C h o r k o #  D y  

Ooolo@lat  S l to  Yeramor 

C t A R P  Wanamor 
Conmonta 

I 

i 

i 

74 0-76.0 SAMPI& 
Recovered 3 8512 0’ = 193% 
RQD = 2 2 6 1 3 8 5  = 59% 
Picked up 1 8 5 ’  from previous r u n  
7 2 1 5 - 7 4 0  CLAYSTONE olive black (5  
Y 2 / 1 )  with lenses of black ( N  l l O ) ,  
blockv, homogenous plastic damp 
7 4 0 - 7 6 0  CLAYSTONE olive black (5 Y 
2 / l )  to iiiediuin gray ( N  5 / 0 ) ,  blocky. 
homogeiious plastic. damp 

76 0-80 0 SAMPLE 
Recovered 2 1 3 / 4 0  = 53% 

CLAYSTONE olive black ( 5  Y 2 / 1 )  some 
silt some oreaiiics trace verv f ine -  
piained sand interbeds homogenous, 
bloc k v , me cli u in ha r diiess, damp 

RQD = 1 5 0 / 2  13 = 70% 

80 0-82 0’ SAMPLE 
Recovered 2 6 2 : 2  01 = 132% 
ROD = 1 6 2 / 2  62 ’  = 62% 
S A N D Y  C L A k S T O N E  olive black ( 5  Y 
2 /  1 ) some very f iiie-grained sand poollv 
sorted suhnngular to subrouiided fiiie- 
grained sand occurring I n  lenses and 
interbeds, sonie silt ,  some organics small 

, coal seams. blocky, fa ir ly  homogenous 
ni e d 1 u iii ha r d uess, d a m p 

/Othor t o a t a  ~ o r t o r c r o d  



LOG 
O f  

BOREHOLE 

-- 

'. 
-. 

.. 

L o c a t i o n  ~ o r ~ h o i . / ~ ~ l l  N O  39-87BR/SP08-87 (con't. 1 
C o o r d l n r t o r  Ground S u r f a c o  E lo ra t lon  

Total  Dopth W a t o r  L o r 0 1  Encounto rod  

82  0-84  0 SAMP1.F. 
- -Recovered  2 38 /2  0' = 119% 

RQD = 1 1 5 1 2  38' = 9040 
SANDY CLAY STONEICLAYEY SAND- 
STONE INTERBEDS olive black (5  Y 

- - 2 / 1 )  to dark gray ( N  3 /0 ) ,  sand very f ine-  
grained to f ine-grained. poorly sorted, 
occurs iii lenses aiid interbeds. occasional 
~ t r i i i g e r s  of coal  in small fractures w i t h  
no orientat ion,  soine silt some organics 
consolidated niediuni hardness f r o m  
8 3 0 - 8 4 0  have sniall lenses o l  l a i i l v  ne11 
sorted I iiie-grained (3  0 - 2  5 8) sand 
subiounded quartzi t ic  vellowisli era!  ( 5  

Y 8 / 1 )  danip w i t h  sand lenses moist 

-- SJ 0-86 o sr\hirLE 
Recovered 2 0 / 2  0 = 100% 

-D ROD = 17612 0' = 86% 
SANDY CLAYSTONE olive black ( 5  \1 .. 2/11 to dark gray (N 3/01 w i t h  yellowish 
gray ( 5  Y 8 / 1 1  f ine-grained sand lenses 

-=  occasional,  poorly sorted, occasional 
stringers of coal some silt ,  some organics, -- consolidated. dainp 

r p  0-88 0 SAMPLE 
Kecovered 2 012 0 = 100% ,:. RQD = 2 0 / 2 0 '  = 100% 

. - S A N D Y  SILTYTONE same as above 
except less sand no coal  striiigers damp 

Orllllng Company 

0.10 Drlllod 

Drllllng Yothod  

Loggod By 
0 o lo slat 

Commonta 

t 
I + 



LOG 
O F  

BOREHOLE 

Coe81tan B o r e k o i o /  w .it 39-87BRfSP08-87 (con' t .  ) 
C o o r d l n r t o r  

Total  Dopth 

Ground S u r t r c o  Elorat lon 

W a t o r  L o r 0 1  Encountorod 

S t 8 t l t  

Orllllng Company Dr11lor 

noipor  D r t o  0rllI.d 

Drllllng Nothod brllllma C l U l d  

Loggod B y  Choekocl B Y  a o lo#lr t Slto Yane@or 

/ 
L i t  h o I o l e  0 0 r e%, t i  o A 

i 

I .. 
Recovered 4 0 1 4 0  = 100% -- RQD = 3 6 3 / 4 0 '  = 91% 
88 0-91 0 SANDY SILTSTONE olive _ _  black ( 5  Y 2 / 1 )  and dark gray ( N  3 / 0 ) ,  
some c lay ,  lots of silt, some very f ine -  .- grained fa ir ly  well sorted sand with 
lenses of a f ine-grained, well sorted sand, -- damp 

-. 
*. 

i 

91 0-920 SILTY SANDSTONE O I I V C  
black (5 Y 2/11 w i t h  vellowish gray ( 5  Y 
8 / 1 )  to pinkish eray ( 5  Y R  8/1) f ine -  
grained sand f a i r l y  well sorted, sand i n  
lenres and interbeds some c lav ,  some 
organics sinal1 planes of  lamitiatton 
present III sand lenses consolidated, 
damp 

d m  

. 
91- 0-96.0 S AMPLE 

RQD = 3 8314 0' = 96% 

black (5 Y 211) to yellowish gray (5  Y -- 8/11 verv fine-grained to fine-grained 
sand, fa ir ly  well sorted some planes of -- lamination less s i l t  arid c l a v  than above 
some occasional organics consolidated 

1' damp 

-- Recovered 4 0 1 4 0  = 100% 

92 0-94 25' SILTY SANDSTONE olive 

94 25-95 2 SAND\ SILTSTONE/SILT\ 
SANDSTONE same a s  above w i t 1 1  f i l l e t  

0 5  2-960 SILT] SANDSTONE \ * \ m e  I \  

_ _  grained sand damp 

-- 0 2 0 - 9 4 2 5  d a m p  

t t t  



L O G  
O F  

BOREHOLE 

t '  

L o c  a t Ion 
C o o r d  l n r  toe 

Total  Dopth 

*- 

._ 

.m 

- =  

Drlll lng Company 

0.10 DrIIIod 

Drllllng Nothod 

Loggod By 
O.ologIat 

960-1000  S AMPLF 
Recovered 4 3 / 4 0  = 107% 
ROD = J 0 / 4  3' = 93% 

black (5 Y 2 / 1 ) ,  very fine-grained saiid. 
fa i r lv  well sorted i n  siltstone matr ix ,  
some c lav ,  some organics, some lamination 
planes consolidated, at 96 10-96 50' and 
9 7  2 - 9 7 3 5 '  have lenses o f  a light olive 
grav (5  Y 6/1) to olive black (5 Y 2/11. 
fa i r lv  well sorted, moist, f ine-grained 
sand, damp 

* -  9 7 3 5 - 9 9 0  SILTSTONE olive black (5 Y 
2 / 1 ) ,  very fine-grained sand yielding to 

- =  clavstoiie downcore and disappearing a t  
9885 consolidated some c lay,  lots silt -- occasional nodules of  gravish orange (10 
Y R 7/J )  c lav ,  proniinent f rom 97 35-98 0 
5ome organics. damp 
99 0-100 0' CLAYEY SILTSTONE olive 

* -  black ( 5  Y 2 / 1 ) ,  trace verv fine-grained .~ sand. lots of  silt lots of clav,  consoli- 
dated some organics,  occasional gravish .- orange (10 Y R  7 / 4 )  nodules of  c lay,  
da nip 

96 0-97  35' S A N D Y  SILTSTONE olive 

Boroho io/  W O I I  NO 39-87BR/SP08-87 (con't ) 
Ground  Sur raco  Elovatlon 

Wator  L o r 0 1  Encountorod 

Statlc 

D r l l l o r  

Holeor 
0r1111ns f lu ld  

Chorkod  B y  
$It. Y.n.@.r 

I / 
L It h o lo g I C  0 a: r I) t lo II 

i 
t 

8am)lor Colloctod or / Othor t o r t a  P o r t o r r o d  



L O G  
OF 

BOREHOLE 

I I I I 

'1' 

a 

- -  
.- 
-- 
* -  

... 

L o e  r t ion Boroholo /  w o i i  N O  39-87BR/SP08-87 (con't 
C o ord lnr tor  Ground S u r f r c r  E lov r t lon  

T o t a l  D e p t h  W r t o r  L r v o l  Encounto rod  

S t r t i c  

Drllllng Company D r l l l o r  

0.10 Drll lod Molpor 

Drllllng Yothod Drl111ng Pluld 

100.0- 104.0' SA- 

R O D  = 2 5 0 / 2  61 
Recovered 2 61 I 4  D' = 65 3% 

100 0-101  0 CLAYEY SILTSTONE olive 
black (5  k 2 / 1 ) ,  trace very fine-grained 
sand, fa i r ly  homogenous, consolidated 
damp 

lowish gray (5 Y 8 / 1 )  to  olive black (5 Y 
2/11. sand from very fine-grained i n  
upper portion to fine-grained i n  lower 
portion f a i t  Iv well sorted, subrounded .. some silt. l ittle c lay,  consolidated, damp 
I O  moist .. 101 5-10? 61 CLAYYTONE medium dark 
gray ( N  J / O )  to dark g r a v  (N 3/0) h i g h l v  
plastic, blockv. homogenous no silt  or 
sand. damp to  nioist 

104  0-108.0' SAM PLE. 

= 96% 

101  0-101 5 SILTY SANDSTONE yei- 

- 
a- Recovered 4 0 / 4  0' = 100% 

-- CLAYSTONE olive black ( 5  Y 2/11  to 
dnik grav ( N  3/0), trace silt ,  blocky, -- homogeiious, damp to moist 

R O D  = 3 2 7 / 4  0' = 82% 

Loggod Uy 
Ooologlst 

/ 
Llthologlc D o s ~ r l p t l o n  

t 

t 

8rnp lor  C o l l o c t o d  or / Othor t o r t s  Cor lormod 



LOG 
OF 

BOREHOLE 

e 

e 

Locatron  B o r o h o l o / w  011 N O  39-87BR/SP08-87 (con't 
C o o r d l n r t o s  Ground  S u r f r c o  E l o r r t l o n  

T o t a l  Dopth  W a t o r  L o r 0 1  E n c o u n t o r o d  

S t r t l c  

Drll l lng Company  DrIIIor 

Wolpor Dato  Drll lod 

Drl l l lng N o t h o d  Drl l l lna f l u i d  

Logmod B Y  
O.olo#lat 

/ 
4 

Llthologlc Oorcr lpt lon 

108 .O- 1 12.0' SAM PT& 
Recovered 3 9/44 0' = 98% _ _  R U D  = 3 4913 9 = 89 5% 
1080-1100 S I L T S T O N E  oiive black (5 Y - -  211) ,  some very fine-grained sand, some 
c lay,  some organics, fa ir ly  homogenous, .- consolidated, hard, more sand down cure, 
d a m p  - -  110 0-111 90' SANDSTONE dark greenish 
g r a v  (5  G 4 / 1 )  to gieenlch gray (5 G Y  - -  611) with some yellowish gray (5 Y 8/11, 
very fine-grained ( 3 5 - 4 0  0) to f ine -  .- grained ( 3  0-2 5 0). fa ir ly  well sorted 
subaiigiilar to subrounded sonie silt t i a c e  
clay sonic leaf and plant stem organics 
increases down core, sand fines as goes 
down core  w i t h  occasional lenses of the 
coarser grains, massive, damp to moist 

i 



LOG 
OF 

BOREHOLE 

L o c  a t lon ~ o r o h o ~ . / ~ . l l  N O  39-87BR/S?08-87 (con’t ) 

C o o r d i n r  t o @  G r o u n d  S u r f r c o  E l o r 8 t l o n  

t o t a l  Dopth  W a t o r  L o r 0 1  t n c o u n t o r o d  

s t8t lC  

Drll l lng Comp8ny  Dr l l l o r  

n o ~ p o r  Dato  Dr11106 

Drll l lnQ Mothod  Drll l lnm Cluld 

C h o c k o d  B y  ~ o 9 0 . e  BY 
aOOlOml8t $ I t .  Yama@or 

C l A R C  Yaaa@or 
Commonto 

/ 
L 1 t h 0 Io glc  D s c”r Ip t lo n 

f 
I I 

111.0-116.0’ S 4 E I E L E ,  
a-  Recovered 4 6 7 / 4 0 ’  = 117% 

RQD = 3 2314 6 7 ’  = 69% -- 112 0-112 5 SANDY SILTSTONE olive 
black (5 Y 2 / 1 )  40% silt 40% organics,  -- 20% sand, consolidated, damp to moist 
112 5-115 75’ SANDSTONE greenish gray .- (5  G Y  6 / 1 )  to dark greenish gray (5 G 
4/1)  w i t h  some yellowish gray ( 5  Y 8/11 ,  -- f ine-grained (3 0-2 0 0) to medium- 
grained ( 2 0 - 1  5 0) sand, f in ing  down -. core ,  occasional lenses of  c lay and silt 
associated with organics occurring 
throughout the core sand massive with 
zones of  contorted bedding, consolidated 
a t  11’175 have n f racture  of  coal wit11 -- sinal1 I iac tures  of  coal or o iea i i i c s  occiii-  
iiiig tliroupliout the core damp t o  moist -- 115 75-116 0 TIL1 1 SANDSTONE olive 
black ( 5  Y 2 ,  I )  cerv s i l t \  sand fiiie -- grained to nied~iini-erniiietl 7 5  a b o ~  e 
occiirriiie i n  lenses mniiv  oreaiiic5 n It11 -- c11c associated I el 1 Iiaid conwlicl7r*d 
cianip 

-P 

i 

$amploo Colloctod or / Othor  t o r t o  C o r r o r r o d  



L O G  
O F  

BOREHOLE 

' 0  

L o c a t i o n  ~ o r . h o l . / w . l l  N O  39-87BR/SP08-87 (con't 
Coord lna to r  Ground Surtaeo E l o r a t l o n  

t o t a l  Dopth Wato r  L o v o l  Encounto r00  

Drllllng Company 

D a t ~  Drll lod 

Drll l lng Mothod 

s ta t ic  

D r l l l o r  

n o ~ p o r  

Dr l l l ln@ Fluld 

Loggod DY C h o c k 0 4  B Y  
O.OlO@lO t 8 l t e  Manemor 

Commonto 

$amploo Colloetod or / Othor  t o o t o  ?o r to rmod  

t 

t 

116 0-120.0' SAMpJ-E -- Recovered 2 0 1 4 0  = 50% 
R U U  = 0 4 5 / 2  0' = 22 5% 
116 0-116 3 C U T r I N G S  OF SILTSTONE 
A N D  CLAYSTONE reworked 
116 3-116 9' S A N D Y  SILT STONE olive 
black ( 5  Y 2 / 1 )  w i t h  yellowish gray ( 5  Y 

" 8 / 1 )  a n d  greenish gray (5GY 6/1 )  fine- 
graiued sand i n  lenses, some clay, some 
organics massive, consolidated, damp to 
moist 

.. STONE olive black ( 5  Y 2 / 1 ) ,  lieavv silt 
influence sand is very f ine-grained some 

.I. organics massive consolidated damp 

.- 
-e  

116 9-1 18 0' CLAYEY SANDY SILT- 

i 
i 



L O G  
OF 

BOREHOLE 

C o o r d l n r t o r  Groune S u r f r c o  E louot lon  

T o t a l  000th  W r t o r  L o v o l  Encountorod  

Drllllng Company Dr111.r 

H o l p o r  Dato Drll lod 

Drllllng Mothod orlll1ng Fluid 

L O Q O O ~  D Y  

S t a t l c  

C h o r k o d  By  
O.olo@lrt Sit0 Maramor 

CEARP Uara@or 
~ o m m o r t o  

I I I 

t 

t 
120 0-122 0’ SAMPLE 
Recovered 4 6 1 2  0’ = 230% 
KQD 397/46 = 86% 

black ( 5  Y 2/11 to greeiiish black ( 5  G Y  1 
2/11, t race  very f iiie-grained saiid, some 
organics. occasional seams of coal. 
inncsive biockv, fa ir lv  homogenous, coii- 
solidnted. damp 
120 0-121 4 CLAYEY SILTSTONE dark 
greenish grav (5  G 4/1) to greenish black 
(5  G Y  2 / 1 )  t race  verv fine-grained sand 
iii  lenses. some organics. massive, consoli- 
datrd damp 

’ 121  4-122 0 ?ANDSTONE dark greenish 
grnv (5  G 4 / 1 )  to greenish black ( 5  GY 

’ 2/11. some silt i i i  top of core giving wav 
l o  sand, f ine-grained to medium-grained 

’ ( 2  0-1 5 0) sand, subrounded to 
subaiigular feldspathic and quartzitic 

. f airlv well sorted massive. homogenous, . consolidated, few organics,  damp to moist 

118 0-120 0’ CLAYEY SILTSTONE olive 

+ 

i 

8emploo Colloctol  or / Otkor  T o a t a  C o r f o r r e d  



LOG 
OF 

BOREHOLE 

'II- 

I 
Locat ion  B o r o h o l o / W o 1 1  N O  39-87BR/SP08-87 (con't.) 
C oordlnr IoB Ground  S u r t r c o  E l o r r t l o n  

Toto1 Dopth W r t o r  L o r 0 1  E n c o u n l o r o d  

Drllllng Compony Dr l l lor  

0.10 Drll lod n o ~ p o r  

Drllllng Y o t k ~ d  Drllllrra Fluid 

s t a t i c  

1220-1260  SA MPI .E 
Recovered 4 O i 4  0 = 100% 
RQD 
122 0-122 85' S A N D S T O N E  greenish g r a v  
(5 G 6/1) to greenish black (5 G 2/11. 
some silt ,  f ine-grained to medium-grained ... ( 2  5-1 5 0) sand, subrounded to 
subangular,  fa ir ly  well sorted, some 
organics. massive consolidated, moist 

3 65/4 0' = 9100 - 

122 85-126 0' S A N D S T O N E / S I L T S T O N E  
-=  greenish gray ( 5  G 6 / 1 1  to greenish black 

(5  G 2 / 1 ) ,  very f ine-grained sand w i t h  
a- lenses o f  f ine-grained to  medium-grained 

sand as  above (1220-12285 1, some - -  oreaiiics more than above c lay inf luence  
with organics,  sand decreases down core 
giving way to more silt a l ittle c lay,  and 
inore organics,  massive, consolidated. 
damp 

C h o c k 0 4  Dy  
alto Yonoeor 

c ommort8 

e 

~~ 

rnplor Colroctod or 
LIt holoelc D o 8 ~ r l p t l o n  hor t o r t 8  Iorforcrod 

ii 
- 

I t  

126 0-130 0' S A M P L E  
Recovered 1 5/4 0' = 37 5% 
RQD = 0 7 5 / 1 5 '  = 50% 
S A N D S T O N E  medium dark gray ( N  4 /0 )  
to light gray (N 7 / 0 ) ,  very fine-grained to 
f ine-grained ( 3  5-2 5 0) feldspathic aiid 
quartzi t ic  sand fa ir ly  well sorted, 
niassive occasional trace lamination 
planes sand f ines  down core some 
organics. some silt. f roni 127 3-127 5 have i zone of  clay influence. moist to  wet 



L O G  
O F  

BOREHOLE 

Locat ion  ~ o r ~ h o l . / w . i l  N O  39-87BR/SPO8-87 (con't.) 
C o or d lnrtor  G r o u n d  S u r f a c o  E l o r a t l o n  

T o t a l  D o g t h  W i t o r  L o v o l  t n c o u n t o r o d  

S t a t l c  

Drlll lnQ Company  Dr(1l.r 

H o l p o r  D i t .  Df l l lOd 

Df l l l lnQ Y o t k o d  Drl l l lna r i u i e  

~ 0 g g . e  BY C h o c k 0 4  By 
OOOlOal8t $It. Y.n.*.r ~ 

C t A R C  Uonamor I 

Conmontr  

lo 

~ 

, 
/ 
Simplo8 t o l l o t t o 4  or / Othor f o 8 t r  ?orformod 

t 

i 
130.0-137 0' SAMPLE, 
Recovered 4 3512 0' = 217 5% 

127 5-129 J CLAYEY SILTSTONE dark 
grecilish gray (5  G 411) to greenish black 
(5  G ?/I) ,  no organics, hard, massive, 

._ fa i r ly  homogenous. consolidated, damp to 
d r v  -- 1 2 9 4 - 1 2 9 7  SILTY CLAYSTONE same 
ns nhove d a m p  to d r y  -. 129 7-130 0 SILTY SANDSTONE same a z  
above n i r h  some clav very fine-giaiiied -- sand moist 
130 0-132 0 SILTY YANDSTONE ~ I I  E, .I. gieeiiish erav ( 5  b J I )  to eieenish e i i !  
( 5  (I 6 1 1  \ e i v  Iiiie elailled ( 3 i - 1 1 1  01 to  -- Iiiie e i i i i i ed  I 2 i 01 1 1 1 i 1 t  ne11 < ( ) I I * ~ I  
sniicl  some silt inassiLe consolldatcd -. damp to moist 

-- 1 3 2 0 - 1 3 6 0  SAMPLE 
Recovered 4 1814 0 = 104 5% 
RQD = 3 76/4 18' = 90'"' 
132 0- 132 4' SANDSTONE dark greenish -- 
g r a y  ( 5  G J / l )  to greenish grav ( 5  C; 6/1)  -- fine-grained ( 2  0-3 0 0) sand, fa ir ly  well 
sorted some silt. massive, consohdated .. daiiip 
132 J- L 16 0 SILTY CLAYSTONE dark -- greenish grnv (5 G 4/11 to greeilisl1 gl* l l  
( 5  G 611) trace very fine-grained sand -- silt in top of core gives w a v  to c lay dowr 
core fa i r ly  homogenous, massive, consoll -- dated hard, no orgauics, damp 

-- 
-- R U D  = 3 6814 35' = 84 670 

-- 

t 



LOG 
OF 

BOREHOLE 

Locat ton 

C o o r d i n a t o r  
Boroholo /wol l  N O  39-87BR/SP08-87 (con't.) 
Ground Sur rato  E lovat ion 

T o t a l  Dopth Wator  Lovo l  Encountorod  

S t 8 t l C  

Dri l lor  

Holpor 

Drl l l lns Fluld 

Commontr 

/ 
d 

Ll tho log l t  Dorcr lp t lon  

1 I i 

t 

t 

136.0-110.0 S A M P Z  
Recovered 2 014 0' = 50% 
RQD = 0 6 / 2  0' = 30% 
CLAYSTONE medium g r a y  ( N  5/01 to 
dark gray  (N 3/01, some silt homogenous,  
massive,  blocky, n o  organics ,  d a m p  

TOTAL DEPTH 14000' i 
i 

SampIor Co l loctod  or / Othor  T o r t s  Por to rmod  



W E L L  
C O M P L E T I O N  
I N F O R M A T I O N  

Ground Surtaco 
b 1 I f l I 1 ' 1 ~ 1  

S u f f 8 C O  S O a l *  
M 8 t O f l 8 l  

Portland Type I 
Cement 

3 2 - 4 2  S i l l c a  Sa 

f 
Q 

3 I I 

140.00 tl Borohol. 
t o t a l  0.p 
(11.1 
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L O G  
OF 

BOREHOLE 

-. 

- 15 

~ o c a t ~ o n  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area B ~ , ~ ~ ~ ~ ~ , w ~ ~ ~  N~ spo~ - 87 

coord1n.t.r * N 38144  E 21872 G r o u n d  Sur f rco  E lovat ion *5945.0' 
T o t a l  Dopth 11.0' W i t o r  L o v o l  Encountorod None 

S t 8 t l C  

D r l l l l n g  Company Bovles  B r o s .  Drillor T U-tah 
u 

0.10 Drl l lod November 2 .  1987 ~ 0 1 p . r  B Keenev 
Drllllng Yothod Hollow S t e r  Auaer Drl l l lng  Fluid None 

mist 

c -I ARAPAHOE FORMATION 

_. 6 0 8 5' SAMPLE 
Recovered 3.5/2 5' = 140% 
CLAYSTONE lnadiun gray (N 5 / 0 ) ,  slightly oxide 

massive; moist. 

Recovered 2.512 5' = 100% - -  CLAYSTONE sandy, mediun gray (N 5/01, fine 
grained sand (3.5 3 0 0 ) ,  Lou plastic, ~n~sslve, 

weathered, mist 

-- -- -- TOTAL DEPTH 1 1  0' 

-- . -- stained, d i m  plastic, blocky, weathered, 

r -. '- 8 5-11 0' SAMPLE 

c -- 
-- -- -- blocky, moderately oxide stained levels, 

Logged BY R Treat 
O.OlO@lSt 

C h o c k o d  By  
alto  Y a r a # o r  

C t A l C  Manamor 
Conmerrtr Borehole b a c k f i l l e d  with  P o r t l a n d  Type I Cement. 

*Coordinates and e l e v a t i o n  e s t i m a t e d  from topographic  map. 

ARTIFICIAL FILLIDISTURBED 

0 0 1 5' SAMPLE 
Recovered 1 3/1 5' = 8?% 
CLAY dusky brown (5 YR 2/2), sandy with organic 
roots; feu scattered gravels, lou plastic, moist. 

5 

1 5-3 0' SAMPLE 
Recovered 1.1/1 5' = 73% 
1 5 1 7' CLAY modcrate yellwish brown (10 YR 
5/4). f ine-grained sand as noted above, mist 
1 7 2 6 '  SAND AND GRAVEL f W  SCattW'cd 
gravels, varying light brown to mediun dark brown, 
weakly cemented, poorly sorted, rounded and 
subroundcd gravels ranging 0 7 5  m to 4 25 m; 
quartzose canposition, light mist 

3 0-6 0' SAMPLE 
Recovered 2 1/3 0' = 70% 
3 0 - 4  2' SAND AND GRAVEL mixed yellowish brown 

t t t  - 20 I I I 

Srmplor  Col loctod or / Othor  t o r t s  Corlornod 

HNu BaekgrovlQO 3 
OVA BackgrourbO 0 
~udlun Backgrwnd = 0 0 

Field screen 
readings- HWu = 
0 O(0 01, OVA = o.o(o 0 )  

1 5-2 6' Field screen 
readings HNu 5 

0 O(0 0 ) .  OVA = 0 o(0 0 )  

3 0-5 1' Upper contact 
sample SPO987OuIC 

6 0-8 51 Contact 
sample SP098706CT 

8 5-11 0' Bedrock 
sample SP098mBBR 

8 5 11 0 ' -  Field screen 
reading WNu = O.o(O.o), 
OVA = O.O(O.0) 
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LOG 
O F  

BOREHOLE  

Locat lon  Rockv Flats Plant, S o l a r  Ponds Area B o r o h o ~ o / w o l l  N~ ~ ~ 1 0 - 8 7  

~ o o r d ~ n r ~ o r  * N 38185 E 21480 Ground S u r l a c o  E l o v a t i o n  *5941*0 '  
To ta l  Dopth 22 7 '  W i t o r  L o v o l  E n c o u n t o r o d  21 .0 '  

S t a t l c  

Drill lng Company Bovles Btos Dri l lor  a 
oat. Drtllod November 9-11, 1987 H o l p o r  T. Metritt 
Drill ing Mothod Hollow Stem A w e r  Dri l l ln# Fluld None 

C h o c k 0 4  B y  L o e ~ O d  BY -7. Rap- 
O.ol0glrt  $110 Yanomer 

CLARP Marrmer 
Commomtr Borehole backfilled with Portland Type I Cement. 

*Coordinates and elevation estimated from topographic map 

.. 
Lithologic Dore r lp t lon  

5 

ARTIFICIAL FILL/DISTURBED 

0 0 2 0' SAMPLE 
Recovered 1 8/2 0' = 90% 
CLAY dark yellowish brom (10 YR 4/2) mottled 
with dark yellowish orange (10 YR 6/6), silt and 
sand, abundant roots at the top, caliche, moist 

2 0 - 4  0' SAMPLE 
Recovered 1 9/2 0' = 95% 
2 0 2 4' CLAY same as above 

ARAPAHOE FORMATION 

. 2 4-3 9' CLAYSTONE dark yellowish orange (10 
YR 6/6) mottled with very pale yellowish orange 
(10 YR 8/6) and pale olive (10 Y 6/21, sa*, 
caliche, mist 

I 4 0 5 0' SAMPLE 
Recovered 1.6/1 0' = 160% 
CLAYSTONE same as above, moist 

c 

5 0-7 0' SAMPLE 

CLAYSTONE same as above, except Less sand, less 
caliche, and slightly less oxidation 

. Recovered 2.2/2 0' = 91% 

7 0-9 0' SAMPLE . Recovered 2.2/2 0' = 110% 
CLAY ST WE. Same as above except more 
consolidated, no caliche, moist 

9 0 1 1  0' SAMPLE 
Recovered 2.OI2.0' = 100% 
CLAYSTONE 

.) 

Sanr as above except moist to dry 

1 1  0 13 0' SAMPLE 
Recovered 2.0/2 0' = 100% 
CLAYSTONE light olive gray (5 Y 5/2) mottled 
with dark ytllksh orange -(lo YR 6/61. blocty 
structure, some fine grained sand, slightly moist 

13 0 15 0' SAMPLE 
-Recovered 1 9/2 0' = 95% 
SANDSTONE Light olive gray (5 Y 5/21 mottled 
with dark yellowish orange (10 YR 6/61, fine- - grained, high e m m t  of clay, MI HCl reaction, 
dry 

Samplor  C o l l o t t o d  or / Othor  T o r t r  P o r t o r n o d  

0 0-1 8' Direct hit 
sMple SP1087oooH 

2 0 3 9' Direct hit 
sanple SPlO8702DH 

4 0 5 0' Direct hit 
sanple SP108704BR. 

5 0-7 01 Direct hit 
sanplc SP106705DH 

7 0-9 0' Direct hit 
sample SP108707DH 

9 0-11 0' Direct hit 
sanple S P 1 0 8 m H  

1 1  0-13 0' Direct hit 
sample SP108711DH 

13 0-14 9' Direct hit 
saqAc SP1087130H 



LOG 
OF 

BOREHOLE 

Locat ion BQckv F W  P l a n t .  Solar Ponds Area Bor.hol. /Woll no 
C o o r d l n r t o r  a round  S u r t r c o  E lovr t lon  

l o t 8 1  Dopth W r t o r  L o v o l  E n t o u n t o r o d  

Drllltng Comprny DrIIIor 

0.10 Drlllod Holpor 

Orllllng Yothod Drllllns Fluid 

SP10-87(cont1d ) 

8 t 8 t l t  

L09g.d BY 
Goologlat 

Chockod  B y  
$It. Maragor 

Commontr 

15 0-17 0' SAMPLE 
Recovered 1 9/2.01 = 95% 
SANDSTONE- swne as above except less clay, 
coarser sand, sand gets coarser at bottom 

2 

17.0-19 0' SAWPLE 
Recovered 2.2/2 0' = 110% 
CLAYSTONE light olive gray (5 Y 5/2) and dark 
yellouish orange (10 YR 6/61, very sandy, fining 
dournard, coarse sand at the top, clay at the 
boftom, dry 

19 0 21 0' SAMPLE 
Recovered 2 2/2.01 = 110% 
CLAYSTONE light olive gray (5 Y 5/21 mottled 
with dark yellowish orange (10 YR 6 / 6 ) ,  HCl 
reaction in the dark yellowish orange areas only, 
dry 

21 0 23 0' SAMPLE 
Recovered 2.2/2 0' = 110% 
21 0-21 4' CLAYSTONE same as above except some 
fine-grained sand and uet 
21 4-23 0' CLAYSTONE Light olive gray (5 Y 
5/21, mottled with light yellowish orange, dry 

Total depth of borehole measured 22 7', adjust 
depth 

22 7-23 7 '  SAMPLE 
Recovered 2 0/1 0' = 200% 
CLAYSTONE same as above 

23 7 25 7 '  SAMPLE 
Recovered 2 0 / 2  0' = 100% 

1 CLAYSTONE same as above 

25 7 27 7' SAMPLE 
Recovered 2 2/2 0' = 110% 
CLAYSTONE same as above, except a little less 
mottled 

TOTAL DEPTH 27 7' t 
I I I - , A  

Srmplor  Co l loctod  or 
Othor f o r t s  Cortormod / 
15 0-16 9' Direct hit 
svrplc SP108715DH 

17 0 19 0' Direct hit 
sample SP108717DH 

17 0-19 0' Duplicate 
sculple SP1087017D 

19 0-21 0' Direct hit 
sample SP108719DH 

21 0 23 0' Mater table 
sample SPlOBRlUT 

22 7 23 7' Direct hit 
smple SP108nU)H 

23 7-25 7' Direct hit 
smple. SP108724DH 

4u 
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LOG 
OF 

B O R E H O L E  

~ o c a t h o n  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area B o r O h O l O / w O l l  w o  SPll-87 
C o o r d In a t 0 a .-J %7 
T o t a l  Dopth 34 O '  W i t o r  L o v o l  E n t o u n t o r o d  None 

G r o u n d  S u r f a c o  E l o r a l i o n  *5904.5' 

stat ic  

Drllllng C o m p a n y  Bovles B r o s .  D r l l l o r  T HlRh 
B Keeney Dato Drl l lod November 3-5, 1987 Holpor  

Drll l lng Y o t h o d  Hollow Stem Auner Orlll lng F lu ld  None 
Loggod B y  R. ~~~~t Chock04 B y  

Q O O l O g l B t  8 l to Manamor 

CIAI)?  Manaaor 
Co,,,mo,,tB Borehole b a c k f i l l e d  w i t h  P o r t l a n d  Type I Cement. 

*Coordmates  and e l e v a t i o n  e s t i m a t e d  from topographic  map 

Y 

L l thologlc  D o ~ c r l p t l o n  

L - 
ARTIFICIAL FILL/DISTLJRBED 

0 0-1 5' SAMPLE 
Recovered 1 5/1.5' = 100% --- 0 0-0.3' SANDY CLAY dusky brown (5 Y 2/2). Lou 
plastic, roots, fill, light moist 
0.3 1 5' CLAY dark yellowish orange (10 YR 
6/61, fine-grained sand with gravel to 3 2 mn, 
subrouded and rouded, Lou plastic, sandy, 
gravel, moderately oxide stained, Light moist 

- 5  1 5-3.5' SAMPLE 
Recwered 2 0/2 0'  = 100% 
CLAY mixed brom and severely oxide stained, _- h much noted claystone fragments and some sandstone _-- --- particles, fine-grained sand, ueakly cmnted, 
fill, moist 

--- _-- 
~ _ - -  _ _  Et 

3 5-6 3' SAMPLE 
Recovered 3 2/2.8' = 114% 
SANDY CLAYSTOWE mixed oxide stained broun, ---- - - -  gravel, weakly cemented, low plastic, 1 75 m 
fragncnt of asphalt noted at approximately 5 5' 

_-- 
---- --- 

6 3 8 8' SAMPLE 
Recovered 2 2/2.5' = 88% 
CLAY oxikstained broun to light gray and dark 
brom, claystone fragments, sandy to very sandy, --- fine-grained, ueakly cemented, massive, very 
moist. 

8 8-11 5' SAMPLE 
Recovered 2.5/2 7'  = 93% 
CLAY b r w  to dusky brom (3 YR 2/21. claystom 
fragments, very &h clay,; feu roots noted, 
slightly sandy, cwll and medim site scattered 
gravel, weakly cemented, Lou to mediun plastic 
lenses; very moist 

1 1  5 14 0'  SAMPLE 
Recovered 2 5/2 5' = 100% 
CLAY dark gray (N 4/01 to dark gray (N 3/01, 
claystone f r m t s  and clay with occasional 
gravel; varying gravel, rOundcd (1 7S 2 50 m), 
mediun plastic, moderately to weakly cemented, 
moist to very mist at bottom 

20 

Samplor C o l l o c t o d  or / O t h o r  T O B t B  C o r l o r n o d  

0 0-1.5' Field 8creen 
reading 
OVA = 0 O(0 0) 

1 5-3 5' Field screen 
reeding 
OVA = 0 O(0 0) 

3 5-6.3'. Field screen 
reading 
OVA = 0 O(0 0) 

0 0 8 5' Canposite 
sanple SP1187DOO8 

6 3-8 5'  Field screen 
reedings HNu = 
0 O(O.O), OVA = 0 O(0 0) 

8 8-11.3' Readings on 
core HNu = 0, OVA = 
13 5 

8 8-11 3' Direct hit 
simple SP118708DH 

11.5-14 0'  Readings on 
core. HNu = 0; OVA = % 

11.5-14.01 Direct hit 
sunple- SPll8711DH 

HNu = 0 o(0 0). 

HNu = 0 o(0 01, 

HNu = 0 O(0 O), 



LOG 
OF 

BOREHOLE 

Locat lon Rocky Flats Plant, S o l a r  Ponds Area I ) o r ~ h o l o / ~ o l l  w o  SPl1-87(cont Id.) 

Coordinator Ground 8urraco Elorat lon 

W a t o r  L o r 0 1  Encountorod t o t a l  Dopth 

0 
stat ic  

Drllllng Company 0r111or 

D a t ~  Drll lod Holpor  

Drllllng Y ~ t h o d  Drllllng C l u l a  
~ 0 g g . e  DY 

Qoologlat 

Commontr 

a / 
Lltholo#lc Doacr lpt lon 

14 0-16 5'  SAMPLE - Recovered 1 1/2.5' = 44% 
14 0-14 5'  CLAY medim dark gray (N 4 / 0 )  to - light gray (N 7/0) with some brown, claystone 1 fragments, scattered gravel, slightly oxide 
stained, weakly cemented; highly plastic, mist 

ROCKY FLATS ALLUVIUM 

2 

3 

I 1 I 

3i G 

14 5-15 1'. CLAY- grayish black (N 2/0) to 
brownish black (5 YR 2/21, scattered gravel, 
subrwndcd and subangular to 2 75 m, slightly 
sandy, fine-grained, slightly organic, low 
plastic, mist. 

16 5 19 0' SAMPLE 
Recovered 1.3/2 5' = 52% 
16 5-17 0 '  CLAY brownish black (5 YR 2/21, 
scattered gravel, same as above 
17 0 17 8'  CLAY modcrate yellowish brown (10 
YR 5/4) to grayish brown (5 YR 3/2), moderately 
cemented, mediun plastic, slightly sandy and 
mist 

19 0-21 S I  SAMPLE 
Recovered 0 5/2 5' = 20% 
CLAY- m i x i  brown and gray, mdiun plastic, 
moderately cemented, slightly sandy, very fine 
grained, little scattered gravel, moist 

ARAPAHOE FORMATtOU 

21.5-24 0' SAMPLE 
Recovered 2 V2.5' = 100% 
SANDSTONE mediun liaht gray (N 6 / 0 )  to medim 
dark gray (N U O ) ,  modcrate-ly.oxide stained brown, 
low plastic, fine grained sand (3 0 2 5 0 ) ,  poorly 
sorted, somewhat blocky and mist t 
24 0-26 5 '  SAMPLE t Recovered 2 5/2 5'  = 100% 
CLAYEY SANDSTONE noted [ignite fragnmts. gray 
as noted above, slightly to moderately oxide 
stained streaks, blocky, massive, low plastic, 
weakly cemented, fine-grained sand, moist 

t 

Samplor Col loetod or / Othor t o r t r  ?or formod 

14 0 15 1 '  Reedings on 
core HNu = 0 .  OVA = % 

14 0 15 1' Direct hit 
rnple SP118714DH 

16 5-17.8' Readings on 
core HNu = 0 ,  OVA = 76 

16 5-17 8' Direct hit 
sanple SP118716DH 

19 0-19 5' Readings on 
core HNu = 0 ,  OVA = 
310 

19 0-19 5 '  Direct 
hit/uppcr contact sample 
SP118719DH 

21 5' Readings in 
augers- 
210 

- 
HNu = 0, OVA = 

21 5 24 0'  Readings on 
core HNu = 1 5 ,  OVA = 
98 

21 5-24 0' Direct 
hit/contact sample- 
SP1187ZlDH 

24 0 26.5' Readings On 
core- HNu = 0 ,  OVA = 58 

24 0.26.5' Direct 
hi t/kdrock emple* 
SP 1 18724DH 



LOG 
OF 

BOREHOLE 

Location Rockv F l a t s  Plant; Solar Ponds Area B o r ~ h o l o / w o l l  NO SPll-87 (cont,'d- ) 

Coordin8tos Ground Surt8co Elov8tlOn 

Total Dopth W8t.r L o v o l  Encountorod  

Drilling Comp8ny Dr i l lor  

Holpor Doto Dril lod 

Drlliing Mothod Dr l l l lng  F lu id  
Loggod By 

St8tiC 

C h o c k o d  By 
Goologlst Sit0 M8n8Q.r 

CEARP Y8naa.r 

Commonts 

Y Llthoioglc Doscr ipt lon 

26 5-29 0' SAMPLE 
Recovered 2 5/2 5' = 100% 
CLAYEY SANDSTONE mediun dark gray (N 4/01 to 
dark gray (N 3/01, severely oxide stained brown 
streaks, Lou plastic, massive, somewhat blocky, 
mist 

29 0 31 51 SAMPLE 
Recovered 2 5/2.5l = 100% 
CLAYEY SANDSTONE medium dark gray (N 4 / 0 )  with 
slight oxide staining, lignite particles scattered 
about, fine-grained sand (3 0 2 5 e) ,  low plastic, 
massive, weakly to moderately cenmted, moist 

31 5-36 0' SAMPLE 
Recovered 2 5/2 5 '  = 100% 
SANDSTONE/CLAYSTONE INTERBED-DED dark gray (N 
3/01 varying to mediun gray (N 5/0) with slight to 
moderate oxide stained lenses of Light brown (5 YR 
5/61, fine grained sand (3 0 2 5 a),  massive 
claystone, low to nrdiun plastic, blocky, poorly 
sorted send; moist to Light mist at bottom 

TOTAL DEPTH 34 0' 

Samplos Co l loctod  or 
T o r t s  Por tormod 

26 5-29 0' Readings on 
core HNu = 0, OVA * 38 

26 5-29 0' Direct hit 
sample SP118726DH 

29 0' Readings in 
augers HNu = 0 ,  OVA = 
220 

- 

29 0 31 5' Direct 
sample SP1187290H 

hit 

29 0-31 5'  Readings in 
core HNu = 0,  OVA = 
11 5 

31 5-34 0' Field screen 
reedings HNu = O(0);  
OVA = OCO) 
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L O G  
OF 

BOREHOLE 

L o c a t i o n  Rockt F l a t s  P l a n t ,  Solar  Ponds Area ~ ~ ~ . h ~ i ~ / ~ . i ~  w 0  SP12-87 
~ 0 o r d i n a t . s  * N 38635 E 21855 Ground  S u r f a c o  E l o v a t l o n  *5891.0' 
T o t a l  D o p t h  46 5 '  W a t o r  L o v o l  E n c o u n t o r o d  39 0 '  

s t a t i c  

Dri l l ing C o m p a n y  Bovles  Bros .  Dr i l lo r  a 
D a t o  Dr i l lod  November 9-11, 1987 H o i p o r  Keenev 
Dri l l ing Y o t h o d  Hollow Stem Auger D r i l l i n g  F l u i d  None 
L o g 9 0 4  8y R Treat C h o c k 0 4  B y  

60010 9i.t 8Ito M a r a s o r  

C t A R P  Marasor 
Commo,,tr Borehole b a c k f i l l e d  with  P o r t l a n d  Type I Cement 

*Coordinates and e l e v a t i o n  e s t i m a t e d  from topographic map 

I 
- 0  

5 

10 

ARTIFICIAL FILL/DISTURBED 

0 0 1 5' SAMPLE 
Recovered 1 0/1 5' = 67x 
SANDY CLAY moderate yellowish brown (10 YR 5/41 
to dark yellowish orange (10 YR 6/6), fine grained 
sand (2.5-2 0 e), poorly sorted, weakly c m t e d ,  
mOlSt 

1 5 3 51 SAMPLE 
Recovered 2 O/2 0'  = 100% 
1 5 2.01 CLAY moderate brom (5 YR 4/41, 
slightly sandy, some small-size scattered gravel, 
rounded, moderately cemented, moist 
2 0 3 5'  CLAY medium gray (N 5/01 to varying 
brom of moderate yellowish brom (10 YR 5/41, 
fine-grained sand, weakly cemented, low plastic, 
fill, moist 

3 5-6 5'  SAMPLE 
Recovered 3 0/3 0 '  = 100% 
3 5-4 5 '  CLAY light brom (5 YR 5/61, sandy 
and scattered gravel, moderately c m t e d ,  fine 
and mediun-grained sand ( 1  5-1 0 0 to 0 5 0 0 01, 
gravel ranging 1 50 nm, rounded, low plastic, 
mist 
4 5 6 5'  CLAY medium gray (N 5/0), Lou 
plastic, sandy (3 0-2 5 0 ) ,  weakly cemented, some 
thin clay pockets, poorly sorted sand, slightly 
oxide stained, weathered, claystone fragments, 

6.5 9 0' SAMPLE 
Recovered 2 3 2  5 '  = 100% 
SAND AND CLAY very pale orange (10 YR 8/2) to 
mediun light gray (N 6/0) and mediun gray (N 5/01, 
blotchy, weakly cemented, low pl8StlC, moist - 
9.0 1 1  5' SAMPLE 
Recovered 2.5/2 5'  = 100% 
CLAY AND SAND moderate yellouish brown (10 YR 
5/4) to dark gray (N 3 / 0 )  to mediun light gray (N 
6/0), noted 0 41 tense of clayey sand at 
approximately 10 8-11 2' with gravel, low plastic, 
weakly cemented, fine and dim-grained sand 
lenses, moist 

Sam)lor  Colloctod or / O t h o r  t o r t s  Cortormo4 

HNU B8CkSrovdtO.O 
OVA BackgrwndrO.2 
Ludlun Backgromd = 0.0 

0 0 1 08 Field screen 
readings HNU 
0 O(0 0), OVA = O.O(o 0 )  

1 5 3 5' Field screen 
readings HNu 
0 o(o.0). OVA = 0 O(0 0 )  

3 5-6 5' Field screen 
readings HNu 
0 o(0  O), OVA = 0 O(0 0 )  

0 0-9 01 Conposi te 
sapte SP12870009 

6 5-9 01 Field screen 
readings HNu = 
0 O(0 O), OVA = 0 O(o.0) 

9 0 1 1  5' Field screen 
readings HNu = 
0 O(0 01, OVA = 0 O(0 0 )  

1 1  5-14 0'  Field screen 
readings HNu = 
0 Q(0 0 ) .  OVA = 0 O<o 0 )  

14.0-16.5' Field screen 
readings HNu = 
0 O(0 0); OVA = O.O(o 2) 

9 0-16.5' canposite 
sanplc SP12870916 



LOG 
OF 

BOREHOLE 

L o c a t l o n  &ckv F l a t s  P u .  S olar Ponds Area ~ ) o r . h ~ l ~ / ~ ~ l l  N~ SP12-87(cont1d ) 

Coordlnalor  Ground S u r t a c o  E l o v a t i o n  

T o t a l  Dopth W a t o r  L o v o l  E n c o u n t o r o d  

8t.tlc 

Drll l lng Company Drlltor 

D a t o  Drlllod Holpor 

Drl l l lng Mothod Drll l lng Fluid 
L o g g o d  B Y  

I 

C h o c k o d  B y  
Goolo@lrt  $It. Monamor 

CEARP manamor 
C o m m o n t r  

1 1  5-14 0' SAMPLE 
Recovered 2.5/2.5' = 100% 
CLAY grayish broun (5 YR 3/2) to dark yellowish 
brom (10 YR 5/41, small (1 50 mn) gravel, 
rovdcd, claystone fragments mediun dark gray (N 
4/0), Lou plastic, weakly to moderately cemented, 
scattered gravels and claystone, moist 

14 0-16 5' SAMPLE 
Recovered 3.212 5' = 128% 
CLAY some claystom Lenses, as noted above for 
colors uith small and medim scattered gravel 
(1  25 mn to 3 4 mn), rounded, subrwnded, and 
subengular, slightly sandy, moderate to Lou 
plasticity, feu scattered roots noted, moist 

16 5 19 0' SAMPLE 
Recovered 2 5/2 5'  = 100% 
CLAY mixed broun to varying gray, uith claystone 
fragments, scattered gravel, slightly to 
moderately oxide stained, d i m  to Lou plastic, 
slightly sandy to sandy lenses, fine- and d i u n  
grained, mist 

19 0 21 5 '  SAMPLE 
Recovered 2 5/2 5' = 100% 
CLAY multi-colored broun and gray, uith some 
claystone fragments, noted organic tense at 21 0 
21 4', dusky broun (5 YR 2/21, nmerous roots. Lou 
to mediun plastic, ueekly cemented, light moist to 
mist 

21 5-24 0' SAMPLE 
Recovered 2.5/2 51 I 100% .. - _ -  
21 5 21 8' CLAY varying brown, mediun and 
Large-site gravel (3 50 mn), moist 

ROCKY FLATS ALLWIUM 

21 8 24 0' CLAY dusky broun (5 YR 2/2) to 
bromish black (5 YR 2/2), scattered gravel (1 50 
mn), rounded and subrornded. much roots noted, Lou 

Smmglor Colloctod or / Othor  t o r t r  ?ortormod 

16 5-19 0' Readings on 
core- HNu = 0 ,  OVA = 
6 8  

16 5 19 0' Direct 
sample SP128716DH 

hit 

19 0 21 5'  Readings on 
core HNu = 6.8, OVA = 
132 

19 0-21 5 '  Direct 
senple SP128719DH 

hit 

21 5-24 0' Readings on 
core HNu = 0 ,  OVA = 76 

21 5-24 0' Direct hit 
sanpte SPl2872lDH 

4u 



LOG 
OF 

BOREHOLE 

Location Rock? Flats Plant, Solar Ponds Area ~ o r ~ h o ~ ~ / ~ ~ l l  SP12-87(cont1d ) 

Coordlna to8 Ground S u r f a c o  Elorat lon 
t o t a l  Dopth W ator  L o r o l  Encountorod 

Drllllng Company Dr l l lor  

Holpor  Oat. Drlllod 

Drllllng Yothod Drlllln# Cluld 

Lomged By 

8 tat  IC 

Chockod B y  
OOOlOgb8t $It. manasor 

Ctrnr manamor 
Commontr 

i- 
24 0 26 5' SAMPLE 
Recovered 1 2/2 5' = 48% 
SAND modcrate yellowish brom (10 YR 5/4) to 
light brom (5 YR 5/6) and little dark yellowish 
orange (10 YR 6/61, slightly clayey to very clayey 
with gravel, well  sorted sand ranging (2 0 1 5 0 
to 0 5 1 0  a),  subrovdcd, rwndcd, and feu 
subangular gravels ranging 1 25 mn to 3 75 nm and M larger, weakly cemented, light moist 
26 5-29 0' SAMPLE 
Recovered 0.8/2 5' = 32% 
CLAY varying brown to medim gray (N 5/0), 
slightly sandy with small scattered gravels, 
mediun plastic. slightly calcareous, moderately 

i 
t 

t plasticv' 
29 0 31 5' SAMPLE 

29 0 29 7' pale broun (5 YR 5/2) to 
moderate yellowish broun (10 YR 5/4), sllghtly 
oxide stain&, fine-grained sand (3.0 2.5 0 ) .  
weakly cemented, low plastic, light mist 

.. Recovered 2 5/2 5'  = 100% 

-- SANDY CLAY 

. 
ARAPAHOE FORMATION ..i 29 7 31.5' SANDY CLAYSTONE mdiun light gray 

(N 6/0) to mediun dark gray (N 4 / 0 ) ,  fine-grained -- sand (3.5 3 0 01, massive, blocky, low plastic, 
weakly to somewhat moderately cemented, weathered, 
m i  st 

31 5-34 0' SAMPLE 

CLAYSTONE mediun gray (N 5/0) to dark gray (N 
3/0), mediun plastic; stightty oxide staid, 
massive, slightly sandy, weathered, moist 

.- Recovered 0 7/2 5' = 28% 

34 0-36 5' SAMPLE 
Recovered 0 5/2 5' = 20% 
SANDY CLAYSTONE same as above 

36 5 39 0' SAMPLE 
Recovered 0 0/2 5' = 0% 

t 

24 0-25 2' Readings on 
core HNu = 0, OVA = 124 

24 0 25 2' Direct hlt 
ssnple SP128724DH 

26 5-27 3' Readings on 
core HNU = 0 0, OVA = 
125 

26.5-27 3' Direct 
hit/uppcr contact sample 
SP128726DH 

29 0 31 5'  Readings on 
core HNu = 0,  OVA = 38 

29 0-31 5' Direct 
hit/contact sanvle 
SP128R9DH 

31 5 32 2' Readings on 
core HNu = 0, OVA = 72 

31 5 32 2' Direct 
hi t/kdrock sanple 
SP128731DH 

34 0-34 5' Readings on 
core HNu = 0, OVA = 78 

34 0 34 5' Direct hit 
sanple SP128734DH 

39 0-41 0' Readings on 
core HNu = 0, OVA = 22 



LOG 
O F  

BOREHOLE 

Loeatlon &&v F W s  P l a n t :  Sol ar  Ponds Area Bor.hol./W.ll NO SP12-87  (cont'd.) 
Coordln.tos Ground Surtaco ElOV8tlOn 

Total Dopth Wator Lovol  Encountorod 

Drllllng Company Drlllor 

0.10 Drillod Holpor 

Drllllng Yothod Drllllng Fluld 

St.tlc 

Loggod By 
Gooloslst 

Chockod B y  
Slto Yanagor 

CEARP Yana@or 

Commonts 

/ 1 / a / /.; 
0" /4 c Y Lithologlc Doscrlptlon 

Samplos Colloctod or / Othor Tor ts  Portormod 

I 39 0-41 0' SAMPLE. 
Recovered 2.0/2 0' = looX 
SANDSTONE d i m  dark gray (N 4/01 to dark gray 
(N 3/01, slightly oxide streaked, nrwh Lignite 
influence, fine-grained sand (3 0 2.5 a), weakly 
cemented, weathered, light moist 

I 41 5-44 0' SAMPLE 
Recovered 2.5/2 5 '  = 100% 
SANDSTONE -varying pale brom (5 YR 5/21 to 
grayish brom (5 YR 3/21 to dark gray (N 3/01, nou 
only moderately influenced with lignite seams, 
slightly oxide stained, fine-grain& sad,  weakly 
to moderately cemented, weathered, light mist 

44 0-46 5 '  SAMPLE 
Recovered 2 5/2 5' = 100% 
SANDSTONE clayey pale brom (5 YR 5/21 to 
grayish brown (5 YR 3/21, weakly to moderately 
cemented, fine-grain& sand (3 5 3 0 0 and 3 0 2 5 
01, poorly sorted, weathered, light mist 

TOTAL DEPTH 46 5' 

39 0-41 0' Direct hit 
surple SP12873901 

41 5-44 0' Readings on 
core HNu = 0, OVA = 8 8 

41 5-44 0' Direct hit 
$-le SP128741DH 

Ir4 046.5' Readings on 
core. HNu = 0 ,  OVA = 0 

44 0 46 5 '  f ie ld  screen 
readings. HNu = 
0 O(0 01, OVA = O.O(O 0 )  
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LOG 
OF 

BOREHOLE 

~ o c a t i o n  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area ~ o r o ~ o ~ o ~ ~ o ~ ~  N~ sp13-87 
C o o r d i n a t o r  * N 18'3511 E 771711 Ground bur laco  ~ l o v r t i o n  *5975.0' 

Tota l  D ~ p t h  l 6 . 5 '  ~ a t o r  L O V O ~  Encounto rod  None 

Drllllng Company B o s l e s  Bros. Drl l lor  T. 
Dato Drl l lod w p r  6 .  1987 Holpor B KeeneY 
Drlll lng Yothod Hollow Stem Auner Drll l lng f l u l d  None 
Lo99.d BY R Treat 

s ta t ic  

C h o c k o d  By 
G 0 010 glB t $110 Manamor 

CLARP Yanr#or 
Comm.ntr Borehole  b a c k f i l l e d  with P o r t l a n d  Type I Cement 

*Coordinates and e l e v a t i o n  e s t i m a t e d  from topographic  map 

ARTIFICIAL FILL/DISTURBED f -1/l 

- 5  

10 

- 15 

c * *  0 0-1 5 '  SAMPLE 
Recovered 1 5/1 5 '  = 100% 
0 0-1 3 '  SiND grayish orange (10 YR 7/41, 
silty and slightly clayey, fine-grained sand (3 5 
3.0 0 ) ;  weakly cemented, poorly sorted with upper 
0 24 organic with many roots noted, Light moist 

ROCKY FLATS A L L W I W  

1 3 1 5 '  CLAY greyish brown (5 YR 3/2), 
moderately cemmted, mediun plastic, sone 
scattered gravel, lightly moist 

1 5-3 5' SAMPLE 
Recovered 2 0/2.o1 = 100% 
1 5 2 7' CLAY grayish brom (5 YR 3/21. 
moderately to highly- c k t e d ,  nwdiun plastic, 
slightly sandy, very fine grained, moist 

ARAPAHOE FORMATION 

2 7 3.5' SANDY CLAYSTONE mediun light gray (N 
6/01, Lon plastic, massive, blocky, fine-grained 
sand (3.5-3.0 a), weathered, moist 

3 5-6 5 '  SAMPLE 
Recovered 3 0/3 0'  = 100% 
SANDY CLAYSTONE mediun dark gray (N 4/01, fine 
grained sand (3 5 3 0 01, massive, Just slightly 
oxide stained, blocky, mediun plastic, moderately 4 4 cemmted; neathered, moist 
6 5-9.0' SAMPLE 
Recovered 2 5/2-58 = 100% 
CLAYSTONE sandy t o  very sandy as noted in 
previous run, d i m  to low plastic, weakly 
ccnmted, slightly to moderately oxide stained, 
neathered, moist 

9 0-11 5'  SAMPLE 
Recovered 2 5/2.5' = 100% 
9 0 9 2' SANDY CLAYSTONE as noted above 
9 2-11 5 '  CLAYEY SANDSTONE mediun Light grey 
(N 6/01 to moderately and severely oxide stained 
brom of dark yellowish orange (10 YR 6/61 to 
moderate yellowish brom (10 YR 5/4), weakly to 
moderately cemmted, fine-grained sand (3 0 2 5 
01, poorly sorted, weathered, moist 

Samples Col loc tod  or / Other T o r t s  ? o r f o r m o d  

HNu Backgrandr0.8 
OVA Backgrandr3.2 
Ludlun B e c k Q r d  = 0 0 

0 0-1 5'  Upper contact 
senple SP1387OWC 

1 5 3 5'  Contact sawle 
taken SP138701CT 

3 5-6 5'  Bedrock s a p l c  
taken SP138703BR 

6 5-9 0' Direct hit 
sanple SP1387060H 

6 5-9 0'  Duplicate 
sanple SP13876DUP 

9 0-11 5 '  Direct hit 
swplc. SP138709W 



LOG 
OF 

BOREHOLE 

Location &rkv F1atq P u t -  S n l a r  pg nds Area Boroholo /Wol l  No SP13-87 (cont'd. 
Coordinator  Ground Surtaco  Elovat lon 

Tota l  Dopth Wator  L o v o l  Encountorod  

Drilllng Company Dr l l lor  

Dato Dril led Holpor  

Drilllng Mothod Dr l l l ing  Fluid 

Stat ic  

Loggod By 
Goologl r t  

Chockod  B y  
S l to  Manogor  

CEARP Manamor 

Commontm 

Lithologic Dorcr ip t ion  

1 
11 5 14 0' SAMPLE t Recovered 2.5/2 5'  = 100% 
11 5-13 5' SANDSTONE clayey to very clayey - lenses, color as stated above, fine-grained sand 
(3 0-2 5 60, weakly cunmtcd, moderately oxide 
stained, moist, 
13 5 14 0' CLAYSTONE mediun dark gray (N 4 /01 .  
slightly sandy, massive, mediun plastic, blocky, - fine-grained sand, poorly sorted, weathered, light 
mist 

14 0-16 5 '  SAMPLE t Recovered 2 5/2 5 '  = 100% 
CLAYSTONE mediun gray (N 5/01 to mediun dark 
gray (N 4 / 0 ) ,  slightly sandy to sandy lensed, only 
slight oxide staining apparent, pale yellowish 
orange (10 YR 6/61, blocky, massive, weathered, 
moist 

TOTAL DEPTH 16 5 '  

i 

Samplor  Col loctod or / Othor  f o r t s  Por formod 

11 5 14 0' Direct hit 
senpie SP138711DH 

14 2'  Readings in 
augers HNu = 14 2' OVA 
= o o  
14 0 16 5' Field screen 
readings HNu = 
0 O(0 O), OVA = 0 O(0 0 )  

- 

Pa00 2 O f  L 
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x Log of Borehole 

Well Consti uctioii Summalies 

Well Development Summaries 

H v d r a 11 lic Con d ti  c t 1 v 1 t y Test Data 
and Results 

PacAer Test D a t a  and Results 

Water Level D a t a  

Saturated ThicAness Hvdiogiaph 

ORIGINAI PROCFSS WAqTT 1 INES CLOSURF CIIAR4CTTRI7ATION REPORT 
ROCK\ FLATS PLANT GOLDEN COLORADO APPENDIX A 



LOG 
OF 

BOREHOLE 

L o c a t i o n  Rockv F l a t s  P l a n t ,  S o l a r  Ponds Area I ) ~ ~ ~ ~ ~ I . , ~ w . I I  N~ SP14-87 
COOId \nbtOS * N 1 8 6 ? 3  F 3313R Ground  S u r t a c o  E l o v a t i o n  *5R90.0' 
T o t a l  Dopth  W i t o r  L o v o l  E n c o u n t o r o d  None O '  

S t a t l c  

Dr i l l lng C o m p a n y  B o v l e s  B r o s  D r l l l O r  T. H i o h  - 
D i t .  Dr l l lod  Uovember 11 and 1 2 .  1987 ~ 0 1 p . r  B Keenev 
Drl l l lng Y o t h o d  Hollow Stem Auger O r l l l l n g  Flu ld  None 
L o g g o d  DY R T r e a t  

O o o l o g l r t  

C t A R P  Yana#or 
Comnontr B o r e h o l e  b a c k f i l l e d  w i t h  P o r t l a n d  Type I Cement 

* C o o r d i n a t e s  and e l e v a t i o n  e s t i m a t e d  from t o p o g r a p h i c  map 

L - A  

ARTIFICIAL FILL/DISTURBED 
v 

- 5  

... ~~ _-- 
CLAY dusky broun (5 YR 2/2), slightly sandy uith 
gravel, low plastic, weakly cemented, mist, very 
organic in upper 0 4 ' ,  uith roots 

2 0 - 4  0' SAMPLE 
Recovered 2.0/2 0' = 100% 
2 0 3.2' CLAY dark yellowish orange (10 YR 
6/61 to moderate yellowish brown (IO YR 5/41, Lou 
to mediun plastic, scattered gravel, moderately 
cemented. mist 

f 
ARAPAHOE FORMATION 

7 3 2 - 4  0' CLAYSTONE AND SANDSTONE mediun dark 

- 20 d 

gray (N 4 / 0 )  to dark gray (N 3 / 0 ) ,  ueakly 
cemented, poorly sorted, fine grained sand (3 0 
2 5 B), Low plastic, weathered, tight mist 

4 0 7 0' SAMPLE t Recovered 3.0/3 0' = 100% ~. 

SANDY CLAYSTiE medim dark gray ( #  4/01, nedlm 
plastic, blocky, slightly oxide stained, streaked 
and slightly calcareous lensed, massive, fine- 
grained sand (3.5 3 0 e),  ueakly to moderately 
cemented, weathered, mist t TOTAL DEPTH 7 0' 

S a m ~ I o s  C o l l o c t o d  or / Othor  T o r t r  Por to rmod  

HNu Backgrwndrl 1 
OVA BbCkgrwnd.O.0 
Ludlun Backgroud = 0 0 

0.0-0 4' Upper contact 
sample SP1487OWC (VOAs 
only) 

0 0 D 4' Field screen 
readings HNu = 
0 O(0 0), OVA = o.O(o 0 )  

2 0 4 0' Contact 
s q l e  SP148702CT 

4 0-7 0' Bedrock sanplc 
taken SP148704BR. 
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LOG 
OF 

B O R E H O L E  

~ o c a t t o n  Rockv Flats Plant, Solar Ponds Area B o r ~ h o ~ ~ / ~ ~ ~ ~  No ~ ~ 1 5 - 8 7  
Coord in4 t . r  * N 38273 E 22674 Ground S u r f a c o  E l o v a l i o n  *5927.0' 
T o t a l  D o p t h  19.5 '  W a l o r  L o v o l  E n c o u n l o r o d  12 3 '  

Static 
Drllllng Company Bovles Bros, ~ r 1 1 1 . r  T High 
D 8 t O  Drl l lod Nnvednr  1 7  and 1 7  lQq 7 Holpor  Keenev 

Drlll lng Yothod Hollow Stem Auger Drl l l lng  F lu id  None 
Logged BY R Treat Chock04 B y  

~ o o l o g i o t  8 l t o  Yono#er 

CEAR? Mana@or 
Connonto Borehole backfilled with Portland Type I Cement 

*Coordinates and elevation estimated from topographic map 

L - 
Sampler Col loctod or / Othor t o o t 8  ?or formod 

I I 

ARTIFICIAL FILL/DISTURBED 

- 0 0-2 0' SAMPLE 
Recovered 1 5/2 0' = 7% 
CLAY dark yellowish orange (10 YR 6/6) to 
moderate brown (5 YR 4/4) and light broun (5 YR 
5/61 to mediun gray (N 5 / 0 ) ,  claystom pieces, . sandy uith scattered gravel, rounded and 
subrwndcd, quartzite conposition, low plastic, 
ueakly cemented, light moist to moist lensed 

lo 

CLAY uith claystone and sandstom, colors 
varying as stated above uith scattered gravel, 
ueakly cemented, fine-grained sand, light moist 

4 0-7 0'  SAMPLE 
Recovered 0 4/3 0' = 13% 
CLAY with claystone and some scattered gravel, 
nulti-colored brom to gray, low plastic, ueakly 
cemented, subrouded and rounded gravel, llght 
moist 

7 0-8 0 '  N o  recovery Drilled with center bit 
E-# ---- 

---- ---- ---- 
yellowish bioun (10 YR 5/41 and grayish brown (5 
YR 3/21, slightly sandy to very sandy Lmsed, 

_--- --- 
e- - -  

8 0-10 0' SAMPLE 
Recovered 2 0/2.0' = 100% 
CLAY light brom (5 YR 6/4) to moderate 

fine-grained sard (3 5-3 0 e); ueakly to 
moderately cemented, Lou to mediun plastic, 
scattered gravel to 2.75 m, randad, soil very 
organic in conposition and smell, moist 

ROCKY FLATS ALLWIW 

10 0-12 0' SAMPLE 
Recovered 2 0/2 0' = 100% 
10 0-10 5' CLAYEY SAND light brown (5 YR 5/61, 
scattered gravel, fine-grained sand (2  5 2 0 @ to 
2 0-1 5 e),  rOundcd gravel, ueakly c m t e d ,  
moist 
10 5 1 1  51 CLAY Light gray (N 7 / 0 )  to light 
olive gray (5 Y 5/21 and pale brown (5 YR 5/21. 
slightly organic, moderately canmted, moist 
1 1  5-12.0' CLAY very sandy, moderate brown (5 
YR 4/41 to moderate vcllauish braun (10 YR 5/4). 

._ ~ - 20 ' 

HNU BackgroudrO.0 
OVA BackgrwndrO.0 
Ludlun Backgrovd = 0 0 

0 0-1 5' Field screen 
readings HNu = 
0 O(0 0), OVA = 2.2t2.7) 

2 0 2 8'  Direct hit 
sanple SP158702DH. 

2 0 2 8' 
core HNu = 0 ,  OVA = 
12 5 

4 0-4  4' Readings on 
core HNu = 0, OVA 
4 85 

Readings on 

4 0 - 4  4' Direct hit 
sanple SP158704DH (VOAs 
only) 

8 0 10 0' Rc8dings on 
core HNu = 0, OVA = 44 

8 O-lO.O1 Direct hit 
sample ~ ~ 1 5 8 7 0 8 ~ ~  

sample s p i s a m .  

10 0-12 0' Readings on 
core HNu 0 0 ,  OVA = 28 

8 0-10.0'. Duplicate 

10 0 12 0' Direct hit 
sample SP15871oOH 

12.0' Readings in 
augers HNu = 0 ,  OVA = 
2 2  



L O G  
OF 

BOREHOLE 

~ o c a t i o n  Rockv Flats Plant: Solar Ponds Area B o r . h o l ~ / w o l ~  N O  qp] 5-87 [ T p P t  Id ) 

Coordinator Ground S u r f a c o  E iovat ion 

Total  Dopth W a t o r  L o v o l  E n t o u n t o r o d  

Drllling Company Dr l l lor  

Dato Drll lod Holpor  

Drilling Mothod Dr l l l ing  F lu id  
L o g g e d  By  

Stat ic  

C h o c k o d  B y  
Goologimt S l to  Managor 

I 

CEARP Yan8m.r 
Commontm 

a 

amplor  Col loctod or 
Llthoiogic Do8cr ipt ion hor To8tB Portormod 

I 

- T -  -- 12 O 14 5' SAMPLE 
Recovered 2 5/2 5' = 100% 

.I_ SAND moderate yellwish brom (10 YR 5/41 to 
dark yellowish orange (10 YR 6/61 to light gray (N 
7/01 and d i m  gray (N 5/01, streaked, slightly -- clayey to very clayey, sand ( 2  5 2 0 0 ) ,  weakly 
cemented, wet approximately 12 0 12 3 ' ,  then very 
moist 

14 5-17 0' SAMPLE 
Recovered 2 5/2 5 '  = 100% . -  I 14 5 14 9 ' -  SAND very clayey as noted in + prevrws 

ARAPAHOE FORMATION 

14 9 17 0' SANDY CLAYSTONE light brow (5 YR 
5/61 to predominantLy mediun light gray (N 6/0), 

' ueathered, moderately oxide stained, medim 
plastic, massive, fine-grained sand ( 3  5-3 0 B), . blocky, weakly to moderately cemented, moist 
17 0 19 5'  SAMPLE 
Recovered 2 5/2 5' = lOOX 
CLAYSTWE mediun light gray (N 6/0) to mediun 
dark gray (N 4 / 0 ) ,  weethered, sandy (3 5 3 0 01, 
blocky, massive, medim plastic, moderately 
cmnted; mist 

TOTAL DEPTH 19 5' 4 

12 0-14 5' Readings on 
core- HNu = 0 ,  OVA = 2.2 

12 0 11 5' Uater table, 
upper contact; direct hit 
smplc SP15871M 

14 5 17 0' Contact 
sanpte SP158714CT 

17 0 19 5' Bedrock 
sanple SP158717BR 
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LOG 
O F  

BOREHOLE 

Location Rocky F l a t s  P l a n t ,  S o l a r  Pond Area 
~ o o r d ~ n a t o r  N 37654.23 E 21319.10 
T o t r l  Dopth 13.40' 

Drllllng Company B o y l e s  B r o s  
Date  Drlllod Januarv 7 .  1988 

Drllllng Yothod Hollow Stem Auger 
Loggod B Y  KD Holl lway 

Goologlrt  

Boroholo /Wol l  N o  56-87/SP16-87 

W a t o r  L o v o l  Eneountorod  None 
Ground S u r f a t 0  ElOVatlOn 5978 .51'  

s t a t I t  

Drtllor T High 

Holpor B Keenev 
Drl l l lng  Fluid None 

Chock04 B y  
alto Yoramor 

CEARP Ymraaor 

Commontr 

10 - 

u 

Llthologlt  Dorer lp t lon  

Kecovered 2 0 / 2 0  = 100% 
0 0 - 0 5  TOP SOIL varied greens and 
browns, grass and ice. subangular, cobbles 
up to 1" diameter,  sandy clay,  frozen 

ARTIFICIAL FILL/DISTURBED 

0 5-1 1' CLAYEY SAND pale yellowish 
brown (10 YR 6 / 2 )  to dark yellowish 
brown (10  YR 4/2),  very coarse-grained 
( 2  0-1 5 0 to 1/4").  poorly sorted sand, 
su brounded to angular. small quartzite 
gravel up to 1" diameter, unconsolidated, 
moist to frozen 
1 1 - 2  0' SANDY CLAY moderate brown 
(5 YR 3/4),  some very coarse-grained, 
poorly soi red, subrounded to angular 
sand, angular quartzite gravel up to 3" 
diameter,  varied green to yellow red 
orange to red staining throughout core,  

15 

SampIor Col loctod or / Othor tort r  Por fo rnod  

H N u  b a c k g r o u n d l l 2  
OVA Bachgroundel 6 
Lu d 111 m background 
= 0 0  

00-2.0 Field screen 
readings HNu = 1 2  
(1  2). OVA = 19 (1 2)  

9.0- 2.0' F i el d sc r ee n 
sample SP16870LFS 

2.0-3.5' Field screen 
readings HNu = 1 2  
( I  2), OVA = 1 2  (1 2) 

4 0-6.0' Field screen 
readings HNii = 1 6  
( 1  6 ) ,  OVA = 1 2  ( I  2) 

6 0-8.0' Field screen 
readings HNu = 1 2  
(1 2). OVA = 1 0  (1 0) 

6 0-8.0' Lipper con- 
tact sample 
S P 168 708 t r  C 

10.0-11.2 Contact 
sample SP168710CT 

11.2-13.4 Field 
screen readings HNu 
= 1 2  ( 1 2 ) ,  OVA = 1 0  
(1 0) 



LOG 
Of 

BOREHOLE 

Locat ion Rockv Flat s  Plant ,  Solar Pond Area Bor.hol./w0ll N~ 56-87/SP16-87 (cont'd.) 

Total  Dopth 13 .40 '  Wator  L o r 0 1  Lncountorod  None 

Drllllng Company Boyles Bros DrIIIor T. H l R h  
0.10 Orillod January 7 ,  1988 Holpor  B Keenev 
Drllllng Yothod Hollow Stem Auger D r i l l  In # C luld None 
Loggad 8 y  KD Holliway Chockod By  

~ o o r d i n a t o r  N 37654 23 E 21319.10 Ground S u r f r c o  E lorat lon  5978  . 5 1 '  

Statlc 
I 

$It. Manomor 

C R A W  Manamor 

Ooologl r t  

C o n n o n t r  

, 

/ 
4 

Lltholo#le Dorcr lp t lon  

2 0-4 0' SAMPLE, 
Recovered 1 5 1 2  0' = 75% 
CLAYEY S A N D  ANI) G R A V E L  light 
brown ( 5  \ R  5/6) w i t h  pale yellowish 
orange (10 Y R  8/6 )  and dark yellowish 
orange (10 YR 6/6)  w i t h  trace moderate 
reddish brown (10 YR 416). mostly in 
sand zones, very coarse-grained, poorly 
sorted sand, subangular to angular,  
quartzite gravel subangular t o  broken, to 
3" diameter,  becomes sandier down core 
with medium-grained ( 2  5-1 5 8) fairly 
sorted, subangular sand, damp 

40 -60  S AMPLE 
Recovered 2 012 0' = 100% 
S A N D Y  C L A Y  moderate yellowish 
brown (10 YR 5/4 )  to dark yellowish 
brown (10 YR 412) with some yellowish 
gray ( 5  Y 7 / 2 )  especially towards bottom 
of core. subanguiar to angular quartzite 
gravel up to 2" diameter increases down 
core, quartzitic sand and pebbles, sub. 
roil ii de d to su ba n g u la r me di 11 m- gra i nec 
( 2 0 - 1  5 0) to coarse-grained up to 114' 
diameter, poorly sorted, unconsolidated 
some caliche increases down core, dam1 
to l l l 0 l S t  

S a m ~ l o o  Col loctod or / Othor  t o r t r  P o r t o r r o d  

J1.2-13.4' Bedrock 
Sample SP168711BR 



L O G  
OF 

BOREHOLE 

L o c a t i o n  Rocky F l a t s  P l a n t ,  S o l a r  Pond Area Boroho l ./wol )  w 0  56-87/SP16-87 (cont'd.) 

T o t a l  O o p t h  1 3 . 4 0 '  W a t o r  L o v o l  t n c o u n t o r o d  None 

Orllllng C o m p a n y  Boyles Bros 0r111.r T High 

Omto Orl l lod Januarv 7. 1988 ~ 0 1 p . r  B Keeney 
Orllllns u o t h o d  Hollow Stem Auger Dr l l l l rg  Cluld None 
Loagod BY KD Holliway 

~ 0 o r d i n r c . a  N 37654.23 E 21319 10 Ground S u r f r c o  E l o v a t l o n  j 9 7 8  5 1 '  

8t8clC 

Chorkod B I  
0 0 010 @I@ t 1110 Yenraor 

C R A W  Waro@or I 
Corr ronta  

/ 
L I t h o lo le 0 a e,' I) t Io m 

t 

t 

6 0-8.0' S q E l E L E y  
* -  

g b  

-- 
* -  

Recovered 2 012 0' = 100% 
6 0-6 3' G R A V E L  angular to broken, some 
fine-grained sand, dry 
6 3-7 0' C L A Y E Y  SAND dusky yellow (5 
Y 6 / 4 )  to yellowish gray (5 Y 7/2) ,  some 
clay, sand is very fine-grained to f ine-  
grained ( 2  5-2 0 0). fair ly well sorted, 
unconsolidated, some caliche (strong 
reaction to HCl),  damp to moist -. 700-800 CLAYEY SAND AND 
G R A V E L  yellowish gray (5 Y 7 / 2 )  with .. light brown (5 Y R  5 / 6 )  and moderate 
reddish brown (10 R 4 / 6 )  staining. fine- .. grained ( 2  5-2 0 0) to coarse-grained, 
p 00 r I y sort e d , s u b r o 11 n de d to s 11 ba n g u la r -- sand, subangular gravel, lots of  caliche, 
unconsolida ted, moist .- 
8 0-10 0' SAMPLE 
Recovered 0 012 0' = 0% 
Lost core 

ARAPAHOE FORMATION 
a. 

Q / K a  contact estimated at 9 40' by 
drilling and cuttings 

Recovered 1 8 / 1  2' = 150% 
S A N D Y  C L A Y S T O N E  light olive gray (5 
Y 5/ ? )  to yellowish gray (5 Y 7 / 2 )  w i t h  
dark yellowish orange (10 Y R  6/6)  iron 
staining, very fine-grained to f ine-  
grained sand, some caliche, consolidated, 
damp 

Sanploa Col loetod or / Othor t o r t r  Porlormod 

I - I 

?a@. 3 of 4 



L O G  
O F  

BOREHOLE 

I -  

a .  

.I. 

-. 

I 
~ o c r t l o n  Rockv F l a t s  P l a n t ,  S o l a r  Pond Area Bor.hol./woll I J ~  56-87/SP16-87 (COnt'd. ) 

Total  Dopth 1 1 . 4 0 '  W r t o r  L o v o l  Encountorod None 

Drilling Company  Boyles  Bros  ~ r ~ t i o r  T High I 

O r t o  Drll lod Januarv 7 .  1988  n o i p o r  B Keeney 
Orlillng YothOd Hollow Stem Auger O r l l l l r r s  Fluid None 
Loggod By 

C0ordlnrt . r  N 37654  2 3  E 2 1 3 1 9 . 1 0  Ground s u r r r c o  E lovr t lon  5978 5 1' 

st8tlC 

I 

KI) Holliway C h o c k o d  B Y  
~ O O l O @ l 8 t  $It. Yanraor  

CLAAC Manamor 

C o m n o s t r  I 

T O T A L  DEPTH 1340' . 

m 

.. 
. 

-- 
a -  

m- 

-- 
-- 

Lltholomlc Dorcr lpt lon 

above 

Sampler tolloctod or / Othor t o r t r  C o r f o r n o d  I 
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L O G  
OF 

BOREHOLE 

~ o ~ ~ t l ~ ~  Flats Plat; 903 Pad Area 
C o o r d i n a t o r  36080.84 C: 22239.33 
T o t a l  Dopth  37-50! 

Drllling Company  mYleS B r o s  
D i t .  Dr l l lod June 1 2 ,  1987 
Dril l ing Y o t h o d  H O l l W  stem Waer 
Loggod  B Y  J. B. Berqm3.n 

Goologlrt 

B o r o h o l o / W o l l  N o  9-87WBH29-87 
Ground  S u r f a c o  E lovat ion  5 9 8 0 . 2 '  
W a t o r  L o v o l  E n c o u n t o r o d  17-50 '  

Stat ic  5963 4 2 '  (12/01/87) 
Dr i l lo r  R. sharp 
Holpor  T. '-ltt 
Dr i l l i ng  F l u i d  None 
C h o c k o d  By  

S l t o  Managor  

CEARP Managor  

Commonts  

TOPSOIL 

0 0- 1.5' SAM PLE, 
Recovered 1 45/1 5' = 76% 
0 0 - 0 5' TOP SOIL grayish brown (5  YR 
3/2), abundant roots and grasses, sandy 
clay and  gravel, unconsolidated, d ry  

ROCKY FLATS ALLUVIUM 

0 5  - 145' COBBLES AND GRAVEL 
pink and gray quartzite and granite in a 
chv matrix, pale yellowish brown (10 YR 
6/2) ,  unconsolidated, angular, dry 

1 5-3 0' SAMPLE 
Recovered 1 65/1 5' = 110% 
CLAYEY GRAVEL pink and gray gran- 
ite and  quartzite in a moderate yellowish 
brown (10 YR 5/4) matrix, sandy, uncon- 
solidated, unsorted, dry 

3.0-4.2' SAMPLE, 
Recovered 1 0/1 2' = 83% 
CLAYEY GRAVEL same as above, dry  

# 4.2-5.0 ' SAMPLE, 
Recovered 1 5/0 8' - 188% 
CLAYEY GRAVEL same as above, dry 

3.0-6.0' No recovery Lost core 

6 0-7.5' SAMPLE 
Recovered 0 6/ 1 5' = 40% 
SILT pale yellowish brown (10 YR 6/2), 
quartzite cobble, distorted sample 
(cuttings from center bit), dry 

Samolos  C o l l o c t o d  or  / Othor t o s t r  P o r l o r m o d  

HNu Background-0 6 
OVA Backgroundto 8 
No readings over 
background 

0 0- 10 0' Composite 
sample BH29870010 

jQ' Field screen 
readings HNu = 0 8  
(BG), OVA=l 8 (BG) 

9 70- 12 70' Contact 
sample BH2987 13CT 

Field screen 
readings HNu = 0 8  
(BG), OVA = 1 8  
(BG) 

lzQl Field screen 
readings HNu = 0 8  
(BG), OVA = 1 8  
(BG) 

1 5.70- 16.80' Bedrock 
sample BH2987 16BR 

17 50-1 8.50' Water 
table sample 
BH2987 17WT 

Field screen 
readings HNu = 0 2  
(BG), OVA = 1 8  
(BG) 



L O G  
O F  

B O R E H O L E  

~ o c a t ~ o n  W k y  Flats P l a t ;  903 Pad Area B o r o h o l o ~ w o ~ ~  N O  9-87BR/BH29-87 
G r o u n d  S u r f a c o  E l o v a t i o n  5980 22' ~ o o r a i n a t o r  '1 36080.& 22239 33 

T o t 8 1  Oopth 37 50'  W81.r  L o v o l  Encoun to rod  17 50'  
S t a t i c  5963.47 ' (17/n1/87) 

' 0  

Dri l l ing C o m p a n y  BOVleS Bros 

Dri l l ing Yothod  H o l l a ~  Stem Auger 
Lo99.d  B Y  J B. Berm 

D.1. O r l l l o d  June 12,  1987 

Goologlrt 

D r l l l o r  R- sharp 
H o l p o r  

D r l l l l n g  F I U ~ ~  None 
C h o c k o d  B y  

S l t o  Managor  

C E A R P  Managor  

C o m m o n t r  

v 

L l t h o l o g L ~  O o r c r l p t l o n  

2 

25 - 

3.R 

3 

40 - 

7.5-9.5' SAMPJ,F: 
Recovered 2 0 /2  0' = 100% 
SAND AND GRAVEL moderate yellow- 
ish brown (10 YR 5/4), abundant 
quartzite and granite,  unconsolidated, 
medium-grained sand, angular to sub- 
rounded, dry  

95-12.5' SAMPLE 
Recovered 2 0 /3  0' = 67% 
SAND AND GRAVEL same as above, 

t I 2  moist 
12 5-15 0' SAMPLE 
Recovered 2 0/2 5' = 80% 
125-127' SAND AND GRAVEL same as 
above, moist 

ARAPAHOE FORMATION 

12 7-13 8' SANDSTONE light brown (5  
- Y R  6/4), very f i n e  grained, rounded, well 

sorted, wet 

brown (10 YR 6/2), quartzose, coarse 

. 

13 8-14 5' SANDSTONE pale yellowish 

- grained, well sorted, rounded, moist 

- 15 0-17 5' SAMPLE 
Recovered 1 8 / 2  5' = 72% 

---- - SANDSTONE yellowish grav ( 5  Y 8/1),  . well sorted, medium grained, consoli- 
dated, moist - 

- -_-  1 17.5-20 0' SAMPLE -. .- .- Recovered 2 0/2 5' = 80% 
SANDSTONE same as above, wet a t  17 5', 
clay layer olive gray ( 5  Y 3/2) at  180- t t t  18 5', wet 

3amoI.r C o l l o c t o o  or 
T o r t s  Por to rmod  

2291 Fie ld  screen 
readings HNu = 02 
(BG), OVA = 1 8 
(BG) 

Field screen 
readings HNu = 0 2  
(BG), OVA = 1 8 
( BG) 

szpl Field screen 
readings HNu = 0 2  

(BG) 
(BG), OVA = 1 8  
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LOG 
O F  

B O R E H O L E  

L o c a l t o n  

C o o r d l n o l o s  

T o t a l  D o v t h  

Drllllng C o m p a n y  

D 8 t O  Drll lod 

Drll l lng Yothod 

L o g g o d  By 
Goologl r  t 

- - -  
~ _.. t? ,u&?-: -  B o r o h o l o /  w 011 N o  

Ground  Surtaco Elovotron 
W81. r  L o v e 1  Eneounto rod  

S t a t i c  

Dr l l l o r  

Ho lpor  

D r l l l l ng  F l u i d  

Chocked B y  
S l t o  Manager  

CEARP Men8g.r 

Commontr  

' 0  

t 
t 

h @ - 8  O S A V P L E  
R c c o ~  c r c a  2 O/  2 0' = 100% 
C L A Y  carv ing  brown t o  gr3\  ish brown, 
cl3vstonc fragmcnts slightlv sand\ w ~ t k  
scattercd gravel 1 0 0  mm up to 2 5  mm, 
roundcd and subroundcd, wcahlv 
cemented,  mcdlum piastic,  moist 

8 0-10 0' S A M P L E  - -  Recovcrcd 0 0 / 2  0' = 0% 
CLA\ s3mc as abovc 

100-1': 0' S A M P L E  -. Rccovcred 0 0 1 2  0' = Ooh 

- L  

-p 

Cuttings dcscribed C L X l  \\. ITH C L A )  - 
STONE FRAGMELTS samc as abo \c  

12 0- 1 f 5' SAMPLE 
N o  rccovcr\ Drillcd \ k i t h  ccntcr  b i t  . 

.I 1'1 5-14 0' S42lPLE 
Recovcred 1 j/l 5' = 100% -. 125-135' C L A Y  A N D  G R A V E L  varv- 
ing gr3v and brown, clavstonc fragments  

-I with clay and some scattered gravel,  
weakly ccmentcd. moist 

A R A P A H O E  F O R h f A T I O N  

135-140' C L A Y S T O N E  dark  g m v  ( N  
3/0), massive, block\, medium plastic 
weathered, moist 

.- 

S e m p l o r  Colloctod or / O t h o r  f o r t r  Po r to rmod  

5.0 - 8.0' F i e 1 d s c r c 1- n 
readings HNu = 0 2  
:04) ,  O V A  = 00 ( 00 )  

12 5-140' 
sample B 

Contact 
16287 12CT 



LOG 
OF 

BOREHOLE 

Commonts 

/ 
Llthologle 008cr lp I lon  

ARTIFICIAL FILL 

Recokered 0 8 / 2  0’ = 40% 

0 5 - 0 8 ’  S A N D  AND GRAVEL varving 
2- browns, wenklv cemented, medium- and 

coarse-grained sands with small and 
,-- medium slze gravels ranging 0 2 5  m m  up 

to 375 mm. rounded and subrounded. 
7 ’  moist (most soils m3n made f i l l  appearing 

as 3 base for asphalt sur face )  

- 0 0-0 5’ ASPHALT S U R F A C I N G  

2 0-4 0’ S4h.IPT-E ’. Recovered 1 5 / 2 0 ’  = 75%~ 
2 0 - 2 5 ’  S A V D  AND G R A V E L  same 3s 

FLATS ALLU VIUM 
[DISTURBED) 

- 2 5 - 3 5 ’  CLAY WITH SOME CLAY- 
STONE FRAGMENTS graylsh brown (5 
YR 3/2) to moderate reddish brown (10 R 
4/61, sandy with scattered gravels, 
moderately cemented, m o s t  

Recovered 1 5/2 0’ = 75% 
CLAY varying gray to reddish browns, 
slightly sandy, fine-grained (2 5-2 00), 
few scattered gravels, weakly cemented, 
poorly sorted, moist 

t t t  

S a m p h a  Colloctod or 
O t h e r  TOBtB Por to rmod  / 

HNu backgroundlo 2 
O V A  background=O 4 
Ludlum readings 
taken and no 
readings over 
bachground. on core  

Fie ld screen readings 
sample reading ( f ie ld  
screen reading) 

0 0-0 8’ Field screen 
readings HNu = 0 0  
(00) .  O V A  = 0 0  ( 0 0 )  

0 0-8 0’ Compositc 
samplc BH62870008 
Duplicate samplc 
BH6287008D 

2 0-3.5’ Field screen 
readings HNu = 0 0  
(0  0). O V A  = 0 0 (0 0) 

4 0-5 5’ Field screen 
readings HNu = 0 0  
COO), O V A  = ( 0 0  
( 0  0) 



L O G  
O F  

B O R E H O L E  

e L o c a t i o n  

Coord lnatos  Ground S u r t s c o  Elovrtton 

T o t a l  Dopth  Wator  Lovo l  Encountorod 

o r e  h 0 I w 1 I N 0 5 1-n 7 /BH6 7-8 7 

s t 8 t l C  

Orllllng Company DrIIIor 

Dato Drl l lod H o l p o r  

Dril l lng Mothod Or i l l lng  Fluid 

Logged B Y  Chocked By 
Goologis t Slto Y a n a ~ o r  

CEARP Yanagor  

Commonts  

/ I 

-- 
I 

140-160 S 4rvlPLE 
Rccovered 2 0 / 2 0 '  = 100% 
CLAYSTOVE dark g r a v  (N 3,O 
medium plastic oxldc  staincd 
stresks weathered, moist i Rccovcred 2 0 /2  0' = 100% 
160-18 0' SAMPLE 

, blocLv, 
i n  t h i n  

CLAYSTONE samc 3s  above, wcathcrcd,  
molst 

TOTAL DEPTH 1800' 

Samplos Col loctod or 
Othor  f o r t s  P o r f o r m o d  / 

13 0- 16.0' Bedrock 
samplc BH628714BR 

16 0- 18 0' Field 
scrccn rc3drngs 
HNu = 0 0 (0 01, OVA  
= 0 0  ( 00 )  



WELL  
COMPLETION 
INFORMATION 

a 

Loemtion B p c k  Flats Plant. 881 Hillside Area w o l l  No 51-87/BB62-87 
~ o o r ~ ~ n s t o s  ': 35120 00 C- 2 0 7 7 8  10  E lo rs t lon  Ground S u r f a c e  5963 30' 
T o t a l  D ~ p t h  W a l l  lh-08' T o p  o f  Castng 

Formation or  Complo t lon  Rock\ Flats iilluvium 
Camlng mato r l s l  Sch 5, Tvpe 316 TFJ stainless s K e ~ ~ ~ l n g  Dl.m.t.r 

S c r o o n  Y a t o r l a l Q  010" wire n a p  Type 316 TFJ Sur faco  c a r i n g  ~ 1 ~ m . t . ~  j" ID 
stainless steel 

D a t o  l n s t s l l o d  Octobe r 33. 1987 A p p r o r o d  by 

Insta l lod  By  R . T .  mat Sit. Y a n a g o r  

Boroko lo  18-00 '  

211 ID 

Goologlst 
CEARP Yanaeor  

C o m m o n t r  

I Y a t o r l a ~  
Portland Type I 

i Fittor Yator la l  - 

3.00' n 

rl. LA- 

Boroholo 
I l amotor  

- 11 
I 

sin@ 

3.58' 

I - T -  

- 
BaCkfl I I    at or la^ onite Pellets 
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L O G  
OF 

BOREHOLE 

L o ~ g o d  BY ,?.T. T r p A t  

Goologlrt  
Chocltod B Y  

Stto Managor  

Commontr  

Sampler C o l l o c t o d  or 
Ltthologlt  Doacr lpt lon hor t o r t r  Cortormod 

A RTIFICI A L  FILL 

0 0-2.0' SAMPLE 
Recovered 1 6/20'  = 80% 
0 0-1 4' CLAY varying browns, sandy 
to very sandy with gravel and noted 
roots, slightly calcareous, slightly moist 

ROCKY FLATS ALLUVIUM 
IDISTURBED) 

1 4 - 1  6' CLAY gravish brown (5 YR - 3/2) to dusky brown (5 YR 2/2), slightly 
sandv, moderatelv cemented, very st i f f ,  - low plastic, slightlv moist 

'1 0-4 0' SAMPLE 
Recovered 2 0/2 0' = 100% 
CLAY pale brown ( S  YR 5/2) to light 
brown (5 YR 5/6), slightly sandy to verv 
sandy (3  0-2 5 0). slightlv calcareous 
streaked, moderatelv cemented, low plas- 
tic, moist 

4.0-6 0' SAMPI vF 
Recovered 2 0/2 0' = 100% 
C L A Y  light brown (5 YR 5/6), low plas- 
tic, slightiy sandv to sandy, f ine-grained, 
weakly cemented, moist 

6 0-8.0' SAMPLE 
Recovered 2 0 / 2 0 '  = 100% 
CLAY l ight  brown (5 YR 5/6) to vary- 
ing gravish brown, sandy ( 3 0 - 2 5  0) and 
fine-grained with scattered coarse sands 

4Nu backgroundto 2 
3VA  background=2 4 
Vo Ludlum readings 
w e r  background 
along core samples 
recovered 

Field screen readings 
sample reading (f ield 
blank reading) 

0 0-1 6' Field screen 
reading H N u  = 0 0  
(0  O), OVA = 0 0 ( 0  0 )  

10-4 0' Field screen 
reading H Y u  = 0 0  
(0 0), OVA  = 0 0 (0 0) 

9 0-8 0' Composite 
sample BH63870008 

4 0-6 0' Field screen 
r5ading HNu = 0 0  
(0 0). OVA  = 0 0 (0 0) 

5.0-8 0' Field screen 
reading HNu = 0 0  
(0 0). OVA = 0 0 (0 0) 

weakiv cemented, low plastic, moist tc 
verv moist a t  bottom 



LOG 
O F  

B O R E H O L E  

L o  c a t 1 o n ~ O r O h O l o / W ~ l l  N o  7- : - , ' 2 JA7 - c -  

Coora lno to r  Ground  S u r l a c o  E l o v a t i o n  

T o t a l  Dopth  W a t o r  L o v o l  E n c o u n t o r o d  

S t a t t c  

Drlll lng Company Dr111.r 

0.10 Drll lod H o l p o r  

Drll l lng Mothod Dr l l l l ng  Fluid 

Loggod 0y C h o c k 0 6  B y  
Goo log l i t  $ I t .  Yanagmr 

CEARP Managor  

Commontr  

/ I / 1 / /.* / 
Llthologlc  Dorc r lp t ion  

/ 

/ 8 0- IO 0' SAMPLE . Recovered 2 0/2  0' = 100% 
CLAY moderate vellowish brown (IO 

- Y R  5/4) to pale brown ( 5  Y R  5/21. f ine -  
grained sand ( 3  0-3 5 0 u p  to 2 5-2 0 0). 

- f e w  scattered subangular and subrounded 
gravels 0 5  mm u p  to 2 5  mm, medium 

'plastic, moderarelv cemented, moderately 
oxide (Fe)  stained, moist 

c 

10 0- 12 0' SAMPLE 
Recovered 2 0 /2  0' = 100% 

- - C L A Y  moderate yellowish brou n ( IO 
Y R  5/4) to pale brown (5 Y R  5/2) ,  
slightlv sandv to sandv wirh  small sizc 
scattered gravels,  moderatelv 1 0  weaklv _ _  cemented, moist 
12 0-1 4 0' SAMPLE 
Recovered 1 1/20' = 85% 
12 0-12 2' C L A Y  same 3s above 

' I2 2-13  7' CLAYEY S A N D  A N D  
, G R A V E L  moderate brown (5 Y 4/4) to 

modcrate yellowish brown (10 Y R  5/4), 
. f me-grained sand, well sorted, ringing 

f rom 3 0-2 50 up to 0 5-1 00, gravel range . 0 25 mm up to 3 75 mm, subangular w i t h  
some subrounded, weakly cemented verv - moist to moist 

I4 0-16 0' SAMPLE 
Recovered 1 5/2 0' = 75% 

- ' -CLAYEY SAND A N D  G R A V E L  mod- 
erate  reddish brown (IO R 4 / 6 1  to 3 dark -- reddish brown (10 R 3/41, well graded 
sand and gravel ranging from 0 5 mm u p  -- 
to 2 7 5  mm, weakly cemented, moist t o  
wet s treak at 15 2-15 5' 

Samplo r  Co l loc tod  or 
Othor  T e s t s  P o r l o r m o d  / 

8.0- 10.0' Field 
screen reading HNu 
= 0 0  (00). OVA 0 0  
(0 0) 

10 0- 12 0' Field 
screen reading H N u  
= 0 0  (00), OVA = 0 0  
(0 01 

12 0- 1 j 7' Flcld 
sc'rccn rcading H N u  
= 0 0  COO), OVA = 0 6  
(0 0) 

12 0- I 3  7' Sample 
taken BH6387 12DH 

14 0- 15 5' F ~ t l d  
screen reading H N u  
= 180 (21 0). O V A  = 
0 0  (00) 

16 0- 17.8' F le ld  
screen reading HNu 
= 0 0  (00). O V A  = 0 0  
(0 0) 

P8gO - ot  J 



L O G  
O F  

B O R E H O L E  

-.I 

.- 
-. 
.. 
*-  

*. 

-Q  7 B o r o h o l o / W o l 1  N O  - 3 - Q ~ / ~ 7  L o t 8  t lon  

C o o r d l n 8 t . r  Ground durtaco E lovr t lon  

Tot81 000th  Wator  L o r 0 1  E n c o u n t o r ~ d  

s t a t i c  

Drllllng Compony D r l l l o r  

I8 0-20 0' SAMPLE 
Recovered 0 4/2 0' = 20% 
SAND AND GRAVEL same as above 

ARAPAHOE FORMATION 

20.0-22 0' SAMPLE 
No recoverv CUTTINGS weathered 
clavstone 

22 0-23 0' SAMPLE 
Recovered 0 5/1 0' = 50% 
WEATHERED CLAYSTONE disturbed 
sample recoverv 

*' 23 0-24 0' SAMPLE .. No recoverv 

.. 24 0-23 5' SAMPLE 
No recovery Drilled with centcr b l t  

4 -  

24 5-26 0' SAMPLE 
a =  Recovered 1 5/1 5' = 100% 

WEATHERED CLAYSTONE medium 
dark gray (N 4/01. massive. blocky, 
medium to highly plastic, moist 

0.1. Dr l l lod 

Drllllng Mothod 

Loggod BY 
Goolo#lat  

H0lp.r 

Orl l l lng F l u i d  

C h o c k o d  B y  
/ I t .  Yonogor  

C L A R P  Y a r a g o r  

Commortm 

/ 
Llthologlc D o r c r l p t l o n  

-P + 

i 

T 

16.0- 18.0' SAM PLE 
Recovered 18/20 '  - 90% 
CLAYEY SAND AND GRAVEL 
above, moist 

same as 

Samplo r  Col loctod or 
Othor T o r t s  P o r t o r m o d  I / 

,I 8.0- 18.4' Uppcr 
contact sample 
BH6387 18UC 

HNu backgrounds0 4 
OVA backgroundi3 4 
No Ludlum readings 
3 bove background 
along core sample 
recovered 

22 0-22 5' Contact 
sample taken 
BH638721CT 

24  5-76 0' Bedrock 
sample 
BH638724BR 

26.0-28.0' Field 
screen readings 

5 0 0  (00)  
HNu = 0 0 (0 0)' OVA 



L O G  
OF 

BOREHOLE 

L O t 8 t l O n  

Coord lna tos  

Tot81 0 0 p t h  

Dfllllng Company  

0.10 Drlt lod 

DrlllCng Yothod  

L0QQ.d m y  
Goologlrt  

BOroholo/Woll  N o  5'-fi'/SH63-3- 
Ground Surtaco Elov8l lOn 

W 8 t . r  L o v o l  Encountorod 

st8tlC 

Dr l l l o r  

Holpor 

Dr l l l lng  Fluld 

Chocked B y  
SIto Maramor 

C E A R C  Manamor 

commonts 

I 1 1 

' 0  

26 0-28.0 ' SAMPLE 
Recovered 2 0 / 2  0' = 100% 
WEATHERED CLAYSTONE mcdlum 
dark grav (N 4 / 0 )  to medium l l g h t  grav 

oxide 

28 00' 

stained, massive, 



W E L L  
COMPLETION 
INFORMATION 

C o m n o r t r  

7- I blamo of hobo tor . 

- 5" 

'of o f  S e r i o a  Bep ly  3.50' 

L1 
28.00 + 

I I 



APPENDIX 5 

CEARP PHASE 2: INSTALLATION GENERIC 
MONITORING PLAN (IGMP); SAMPLING PLAN 



DEPARTMENT OF ENERGY 

ALBUQUERQUE OPERATIONS OFFICE 
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INSTALLATION GENERIC MONITORING PLAN 
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1. INTRODUCTION 

a 

C E A R P  Phase 2 Confirmation COnSIStS Of CEARP Phase Za, Monitoring Plan, 

and C E A R P  Phase 2b, Site Characterization (Remedial Investigation) This Sampling 

Plan 1s one component of the Monitoring Plan for Rocky Flats Plant The Monitoring 

Plan typically consists of f i v e  parts Synopsis, Sampling Plan, Technical Data Man- 
agement Plan, Health and Safety Plan, and Quality Assurance/Quality Control 

(QA/QC) Plan Because o f  the Compliance Agreement between the State o f  Colorado, 
the Environmental Protection Agency, and the Department o f  Energy (DOE), this 

Monitormg Plan also includes a Feasibility Study Plan 

C E A R P  uses a three-tiered approach in the preparation of monitoring plans 

the C E A R P  Generic  Monitoring Plan (CGMP), the Installation Generic Monitoring 

Plan (IGMP), and the Site Specific Monitoring Plans (SSMPs) This revised IGMP 
serves as the Comprehensive Source and PIume Characterization Plan required by the 

Compliance Agreement Therefore, the acronym used to refer  to this plan is 

IGMP/CSPCP 

This IGMP/CSPCP Sampling Plan details specif ic guidance for implementation 
of C E A R P  Phase 2b site characterizations (remedial investigations) at Rocky Flats 

Plant and follows the guidance provided in the CGMP The Sampling Plan is com- 
plemented by and inseparable from the Technical Data Management Plan and the 

Quality Assurance/Quality Control (QA/QC) Plan Sections of the Sampllng Plan are 

supported by reference to the other plans, and to the Synopsis Emphasls IS  placed on 
integration of efforts  for each of the C E A R P  Phases Phase 3 (Technological Assess- 
ment), Phase 4 (Remedial Action), and C E A R P  Phase 5 (Compllance and Verificatlon) 

This IGMP/CSPCP Sampling Plan provides the following baslc components of 

sample/measurement collection and analysis at  Rocky Flats Plant 

- ObjeCtiVeS and goals o f  the investigation, 
- methods and procedures and their justification, 
- transportation and shipping information, and - guidance f o r  the site-specific investigations 
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T h e  initial C E A R P  Phase 2 site  characterization (remedial investigation) has 

provided considerable data to define regional and installation-wide geology, hydrol- 
og ? ,  and water quality These data will  be further analyzed and interpreted as a first 
step o f  the slte characterization (remedial investigation) being performed under this 
IGMP/CSPCP Monitoring Plan T h i s  analysis  wiI1 define additional installation-wide 

data needs to enhance understanding of the surface water and groundwater pathways 

Some of  these data needs have been identified, and are presented in Section 3 o f  this 

Sampling Plan Additional installation-wide sampling locations, soils boring locations, 
3nd monitoring well locations may be identified based on the results o f  these analy- 

0 

ses 

Current understanding of the hydrogeological system and contaminant sources 

31 R o c k y  Flats  Plant has resulted in  definit ion of  several high-priority sites (DOE 
1986f) These sites appear to be the Primary sources of the known groundwater 

plumes Therefore,  the installation-wide source and plume characterization (remedial 
investigation) will  be accomplished by  first evaluating these high-priority sites, 
tracing the contaminant plumes originating from these sites, and integrating these 

data on a n  installation-wide basis Second, a l l  lower-priority sites will also be 

characterized and these data incorporated into the data base T h e  details o f  the site- 

spec i f l c  plume characterizations will be presented in the SSMPs T h e  installation- 
wide characterization (remedia1 investigation) presented in this IGMP/CSPCP may be 

modified based upon the results o f  these site-specific analyses 

0 

T h e  premise o f  this Sampling Plan is that installation-wide data needs are  

mostly satisfied by site-specific requirements Installation-wide needs encompass ad- 

ditional clarif ication of the sources contributing to and contaminant levels within the 

Qroundwatcr plumes, definit ion o f  interconnections and contaminant transport within 

the hydrogeologic system, and identification of gaps within the data base To address 

these needs, this Sampling Plan was organized as follows 

- T h e  remainder o f  the introduction outlines the ObjeCtives of the slte 
characterization 

- Section 2 presents the site survey and mapping criteria that ensure a 
common f r a m e  o f  reference 

- Section 3 identif ies  installation-wide and site-specific data require- 
ments 
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I - Section 4 presents the sampling Plan and rationale to be followed 

- Section 5 identifies the sample numbering system 

- Section 6 identifies sampling equipment and procedures 

- Section 7 discusses sample analysis and handling 

- Section 8 presents sample documentation and tracking procedures 

1 1  INTEGRATED APPROACH 

Sampling at  Rocky Flats Plant will be conducted using an integrated approach 
The integrated approach is summarized in the Synopsis (Section 5 2) and detailed here 
The integrated approach breaks site characterization (remedial investigation) activl- 
ties Into stages, ID which the results from previous stages of sampling are used to re- 
f ine  the conceptual model used to design SucceSS~ve stages of sampilng Thls iterative 
process incorporates the experience and knowledge gained from each stage to mini- 
mize the total number o f  samples required to adequately characterize the site and to 
provide the necessary data base to prepare feasibility studies for alternative remedial 

actions The  benefit of staged sampling is greater flexibility within the sampling 
program with a minimum o f  cost 

1 2  OBJECTIVES OF THE SAMPLING PROGRAM 

The overall objectives of  CEARP Phase 2b site characterizations (remedial i n -  

vesrigations) are to 

- verify and characterize contaminant sources, 

- determine the present areal and vertical extent of groundwater con- 
tamination plumes, 

- estimate potential for contaminant migration (including rate and di- 
rection) to support risk assessment studies, 

- support identification and technology assessments ( f e a s ~ b ~ l i t y  studies) 
of alternative response actions, including the alternative o f  "no ac- 
tion," and 

- support o f  long term monitoring and verification 

ROCKY FLATS PLANT IGMP/CSPCP Dt8ft Fcbmw 1987 (hvuion 1) Sampling Plan Section 1, page 3 



I 
These objectives are detailed for Particular Ckments Of the sampling program, 

12.1 Location of Waste S t e p  

T h e  locations and boundaries of waste sites will be defined under CEARP 

Phase 2b site characterizations (remedial investigations) i n  order to delineate source 

areas for potential cleanup (e g , removal or containment) This  will enable evaluation 

of the potential for migration of contaminants into the environment and evaluation 

of alternative remedial actions 

1 2.2. Soils and Geo 1 O g y  

Sampling of geologic materials a t  R o c k y  Flats Plant will include sampling of 
soils and waste materials found within the Sods and bedrock The objective o f  thls 

sampling IS to confirm the types, concentrations, and extent of wastes and/or contam- 

inant  migration 

Geotechnical characterization a t  Rocky Flats Plant will be performed to sup- 

port the evaluation of waste migration (e g , sampling and testing for hydraulic prop- 

erties) and to support t h e  technological assessments (feasibility studles) of alternatlve 

remedial actions 

11.3 Groundwater 

The C E A R P  Phase 1 Assessment of Rocky Flats Plant recommended hydrogeo- 

chemical investigations o f  the aquifer  systems i n  the immediate vicinity of the plant 

b3sed on the ongoing hydrogeological studies A n  in i t ia l  CEARP Phase 2b site char- 

acterization (remedial investigation) was conducted i n  1986 w i t h  the ObjCCtiVc of 

supplementing the existing hydrogeochemical understanding of the location, direction, 

rate o f  movement, recharge, and discharge of the hydrogeologic svstems Under the 

revised IGMP/CSPCP, this  investigation will be expanded to fill arca-wide and sire- 

specif ic  hydrogeologic data gaps Ultimately, the investigation has the objective of 
providing a comprehensive data base for evaluating remedial actions 
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e 
Exis t ing  groundwater quality d a t a  indicate that  radioactive and chemical  con- 

taminants have entered the groundwater flow system As a result of this information, 

radioactive a n d  chemica l  contamination in groundwater will be a major focus of the 
site characterization (remedial investigation) activit ies  T h e  objectives of  groundwa- 

ter  sampling are as follows 

- Identify a n d  characterize the  source(s) of contaminants in the 
groundwater 

- Determine the present areal  a n d  vertical extent of groundwater con- 
tamina t ion 

- Estimate the  potential f o r  contaminant migration (including rate a n d  
direction) to support risk assessment studies 

- Support the identif ication a n d  technology assessments (feasibility 
studies) of alternative remedial actions 

12.4 Surface Water 

Surface water was not identified as  an  important pathway for contaminant 
migration in  the C E A R P  Phase I Instal lat ion Assessment All  available s u r f a c e  water 

data  are  presented in the  Geological a n d  Hydrological Data Summary f o r  Rocky Flats 
Plant (RI 1986~) The additional 42 sur face  water sampling locations used in  the i n l -  

t ial  C E A R P  Phase 2 site  characterization were selected based on these data  and per- 

celvcd data gaps Approximately h a l f  o f  these 42 stations were dry during the 1986 

sampling season These stations will be  sampled as  part of  the site characterization 

(remedial investigation) being conducted under this  I G M P K S P C P  Monitoring Plan 
The primary objective of sur face  water sampling under this IGMPICSPCP Sampling 
Plan IS  to support the characterization of the hydrogeochemical setting at R o c k y  Fl3ts 

Plant by providing data on the interconnection between surface water and groundw 3 -  

ter  

12.5 Biotg 

The C E A R P  Phase I Assessment for  R o c k y  F la ts  Plant and the Radioecology 

a n d  Airborne Pathway Summary Report (RI 1986b) did not identify biota as a 
significant pathway for contamination T h e r e  a r e  no current plans for biological 

sampling 
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T h e  sampling ac t iv i t i es  outlined in this Sampling Plan will  be completcd in 
two or more stages in  l i n e  with the integrated approach being used by C E A R P  T h e  
scope of  sampling a n d  subsequent stages o f  sampling will be refined based on data 
analyses T h e  anticipated scope o f  sampling corresponds to the data needs described 
in the Synopsis SSMP Sampling Plans will be prepared for each site o r  group o f  sites, 
as  appropriate 

Data collection activities that apply generically to al l  or most sites Include the 
following 

- geophysical a n d  soil gas surveys to  locate waste sites and describe 
metallic ob jec ts  within wastes, 

- land surveying to tie i n  geophysical surveys and provide precise loca- 
tions o f  sites, a n d  to provide a baseline f o r  the location o f  sampling 
at  sites, and  

- aerial  photography to identify waste sites and past waste disposal 
practices 

13.1. Soils and Geo low 

Sampling of geologic materials and wastes will  be conducted during the 
Sampling may in- 

T h e  scope of  anticipated sampling includes the 
CEARP Phase 2b site  characterizations (remedial investigations) 
clude both soil and soil gas sampling 
following 

1 2.6. & 

The  CEARP Phase I Assessment of Rocky  Flats  Plant and the Radioecology 
3nd Airborne Pathway Summary  Report  (€21 1986b) did not identify air as a signifi- 
cant pathway f o r  contamination Existing a i r  monitoring programs appear to have 
adequately characterized the air pathway, and there are  no current plans f o r  addi- 
tional a i r  pathway charac ter iza t ion  However, air will be monitored under the  health 
and safety program If this  monitoring indicates that sampling activit ies  are  impact- 
ing the air pathway, more  characterization data will be collected as appropriate 

13. SCOPE 
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- sampling of  soil gases using a field gas chromatograph, p h o t o ~ o n ~ z a -  
tion detector and/or organic vapor analyzer,  

- sampling and analysis of soil to determine the presence, con- 
centration,  and distribution of potential contaminants. a n d  

- sampling, analysis, and testing of soil in support of hydrogeochemical 
characterizations and engineering studies 

1.3.2 Groundwater 

Groundwater samples wil l  be taken to refine the site-wide hydrogeological 
conceptual model and to determine the extent of contaminant migration within 
groundwater of the plant 

T h e  scope o f  groundwater characterization includes investigation of the qual- 
i ty of water wlthin both the alluvium and bedrock This includes borings and moni- 
toring well installation in areas adjacent to waste sites Surface geophyslcal methods 
a n d  soil  gas investigations a r e  within the scope of this characterization 

1.3.3 Surface Water 

T h e  scope o f  surface water charac ternat ion  a t  Rocky Flats Plant includes 
sampling of streams, ditches, and seeps which might be impacted by contaminants 

1 4  SCHEDULE 

CEARP Phase 2b sampling activities a t  Rocky  Flats  Plant will begin a t  h i g h -  

T h e  sampling schedule is pre- priority sites under the Site-Specif ic  Monitoring Plan 
sented separately 
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2. SITE SURVEY AND MAPPING 

Surveying a n d  mapping will be conducted at an installation level to assure a 

common frame o f  reference for a l l  s i te  characterizations (remedial investigations) 

~ l l  monitoring stations will be surveyed unless a high degree of accuracy IS deter- 
mined unnecessary f o r  a particular station Additional detail and guidance regarding 

site  surveys a n d  mapping is provided in the Technica l  Data Management Plan 

2.1 INSTALLATION COORDINATE SYSTEM 

All  monitoring locations will  be described in accordance with the R o c k y  Flats 

Plant Installation Coordinate System T h e  plant coordinate system has been tied into 

the Colorado S ta te  Coordinate System using benchmarks established by the USGS 
Horizontal survey data will be reported in  both Rocky Flats  coordinates and State co- 

ordinates so data collected on plant Site c a n  be related to regional data as necessary 

Elevations will  be reported in English units as f e e t  above mean sea level 

2 2 AREA OF INTEREST 

T h e  area of lnterest to be surveyed and mapped has been established according 

Rocky  Flats 
Thus,  the area o f  interest extends 

to the guidelines contained in the Technical  Data Management Plan 

Plant 1s contained within one property boundary 

to the plant property boundaries 

2 3 SCOPE OF WORK FOR SURVEYING 

Tolerances o f  +001 ft vertically and +O 1 horizontally wil l  be used i n  locating 

base stations and control points Tolerances o f  + O O l  f t  vertically and 1 ft horizon- 

tally will be allowed when surveying sampling locations 
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3 DATA REQUIREMENTS 

This section presents an overview of the Present Situation and data require- 

ments for installation-wide source and plume characterization at Rocky Flats Plant i n  

accordance with the Compliance Agreement Also included are general requirements 
for CEARP Phase 2b  site characterizations (remedial investigations) Detailed data 
collection requirements f o r  specific sites will be presented i n  the appropriate SSMP 

Sampling Plans The  goal o f  CEARP Phase 2b efforts is to collect sufficlent data to 

meet the requirements o f  site characterizations, feasibility studies and 

risk/endangerment assessments, to identify alternatives for remedial action and to 

plan long term monitoring and verification 

3 1 INSTALLATION DATA NEEDS 

Installation-wide data needs have been identified as necessary to support the 

characterization o f  contaminant plumes, and to develop and continually refine con- 

ceptual models o f  contaminant transport The data required for installation-wide site 

characterization (remedial investigation) may be broken into four major categories 

sources, geology, groundwater, and surface water 

This section presents a brief summary Of  the current environmental situation 

Section 4 pre- at the Rocky Flats Plant and identifies gaps in the existing data base 

sents the Sampling Plan to f u l f i l l  identified data needs 

3 1 1  Solid Waste Management Units 

Solid Waste Management Units ( S W M U S )  were identified i n  the RCRA Part B 
Permit Application (DOE 1986b) Each of these solid Waste managements units was 

assigned a reference number and located on an aerial photograph base map (Plate 1) 

Thls base map and a tabulation o f  all solid waste management units cross-referenced 

to the CEARP Phase I report is presented in the Rocky Flats Plant IGMP/CSPCP Syn- 

opsis 

The locations and nature o f  solid waste management units at Rocky Flats Plant 
Further have been defined based on existing information (DOE 1986b. DOE 1986f) 
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investigations of these solid waste management units  should include precisely locating 

each u n i t  and sampling I n  or near the  u n i t  t O  verify reported locations and contents 

3 1.2. Soils and Geo 1 QpY 

3.1.2.1 Geology 

Available geologic data at Rocky Flats Plant Consists of numerous regional and 

installation-specific geologic and geotechnical reports Stratigraphy and lithology are 
available from geotechnical investigations a t  the Present landfill, the solar ponds, var- 

ious onsite buildings, and from groundwater monitor well installations These data 

ace presented i n  the Geological and Hydrological Data Summary f o r  Rocky Flats 

Plant (RI 1986~)  In addition, detailed mapping of surficial and bedrock geology at  

the plant was performed as part o f  the initial C E A R P  Phase 2b site characterization 

(remedial investigation) performed in  1986 i n  response to the Compliance Agreement 

Surf m a l  Geo logy Surficial deposits a t  Rocky Flats Plant consist of Rocky 

Flats  Alluvium, several alluvial materials in  the valleys, and colluvium. T h e  valley 

al luvial  materials are Verdos Alluvium, Slocum Alluvium, recent terrace alluviums 

and recent channel deposits (valley fill) The general composrtion and lateral extent 

of surficial deposits were well defined by the 1986 mapping effort (DOE 1986f) T h e  

thickness and compositional variations o f  alluvium and colluvium were well defined 

where borehole data exist (DOE 1986f) 

Additional installation-wide data on surficlal geology are not considered neces- 

However, additional site-specif ic surf icial geology data will be collected during sary 

monitor well installation as presented in the SSMP Sampling Plans 

Bedrock Bedrock units beneath Rocky Flats Plant consist o f  Cretaceous FOX 

Hllls Sandstone, Laramie Formation and Arapahoe Formation The Fox Hills Sand- 

stone and lower Laramie Formation sandstones outcrop in clay pits west of the plant 

a n d  were characterized by the 1986 geologic mapping (DOE 1986f) T h e  upper 

Laramie Formation claystones subcrop beneath the Rocky Flats Alluvium i n  the west- 

ern plant buffer zone, and the Arapahoe Formation subcrops immediately beneath 

a n d  east of the plant Outcrops o f  these formations were Iocated by the 1986 geologic 

mapping, however, the contact between the Laramie and Arapahoe Formations could 

0 
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not be positively identified i n  the field (DOE 1986f) Based on boring logs, the con- 
tact was estimated to be below the the first Arapahoe sandstone that was greater t h a n  

5 f t  t h i c k  (DOE 1986f) 

Because the Arapahoe Formation subcrops beneath and east (downgradient) of 
the plant, the locations and extent o f  sandstone bodies within the formation are im- 

portant to an understanding of the bedrock flow system and contaminant transport 

During the initial CEARP Phase 2b site characterization (remedial investigation), 

bedrock wells were cored to the first total sandstone cumulative thickness of 3 f t  

within a IO-ft interval, and bedrock monitor wells were completed i n  these sand- 

stones This drilling program identified numerous sandstone bodies at various depths 

beneath the plant which were previously unidentified The sandstones are lenticular, 

discontinuous and stratigraphically complex (DOE 1986f) 

An installation-wide bedrock investigation may be necessary to support the 

quantification of groundwater flow patterns and solute transport i n  the groundwater 

If warranted, based on plume characterizations, additional core data wil l  be collected 

to determine the extent of known sandstones and to locate previously unidentified 

sandstone lenses 

3 1.2.2. G m  

Geotechnical tests have been conducted on materials from many of the  onsite 

borings Data collccted to date include standard penetration tests, Atterburg limits, 

and grain-size analyses o f  various materials (RI 1 9 8 6 ~ )  Cores have been collected 

during the initial CEARP Phase 2b site characterization (remedial investigation) that 

will  be tested to evaluate perrneabilities, porosities, and physical properties of bedrock 

and alluvial units i n  support of hydrogeologic Characterization Eased on the results 

o f  these tests, additional installation-wide data needs may be identif led 

3 1.3 Groundwater 

3 1.3 1 Hydrology 

There are two hydraulically-connected groundwater flow systems a t  Rocky 

These occur i n  the Rocky Flats Alluvium and other surficial rnateriak, Flats Plant 
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a n d  in the  bedrock (primarily i n  the  claystones and sandstones o f  the  Arapahoe For- 

m3tion) 

Presented below is a discussion of each flow system and the data needs to sup- 

port potential groundwater modeling e f f o r t s  

Shallow Flow S v s t e q  T h e  shallow alluvial groundwater system in  the R o c k y  

Flats Alluvium a n d  other sur f i c ia l  materials occurs under unconfined conditions Ifhe 

s)stem IS recharged by in f i l t ra t ion  of incident precipitation and sur face  water 

Shallow groundwater f l o w  generally follows topography to the cast and toward the  

drainages Discharge areas are springs and seeps a t  the alluvium/bedrock contac t  a n d  

major drainages T h e  shallow system appears to be quite dynamic, as large water 

tab le  f luctuations occur in  response to seasonal stresses As a result of these f luc tua-  

tions, large unsaturated zones within the system occur during certain portions of the  

vea r 

Shallow groundwater f low rates were calculated based on single-hole draw- 

down-recovery test data collected during the init ial  C E A R P  Phase 2 b  site charac tcr i -  

zation (remedial investigation) (DOE 1986f)  Data available to date  indicate mean 0 hydraulic  conductivities as follows 

Material 

R o c k y  F la ts  Alluvium 
Walnut Creek Alluvium 
Woman Creek Alluvium 

Hydraulic Conductivity 
(cm/sec) 

7 10-5 
3 10-5 
3 10-3 

The ef fec t ive  porosity o f  alluvial materials is assumed to be 0 1 (Hurr 1976) 

Bzsed on the hydraulic conductivities presented above, an assumed effective porosity 

of 0 1, and gradients determined f rom the init ial  C E A R P  Phase 2 site charactcriza- 

tion, groundwater velocities were calculated f o r  each geologic unit listed above T h e  

horizontal velocity is approximately 14 f t  per year i n  the Rocky  Flats  Alluvium, ap- 

proximately 900 f t  per year i n  Woman Creek alluvium and approximately 9 f t  per 

year  i n  Walnut Creek alluvium Dissolved chemical  species do not migrate as far as 
implied by the velocity calculations because the sur f i c ia l  materials a r e  not saturated 

year-round Portions of the R o c k y  F la ts  Alluvium are probably saturated throughout 

the year. a n d  conservative (nonattenuated) species i n  R o c k y  Flats Alluvium ground- 
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water could travel annual  distances of the order calculated However, conservative 

species i n  valley f i l l  groundwater cannot travel the predicted distances because these 

materials are dry during portions of the year (1986f )  

T h e  shallow f l o w  system a t  R o c k y  F la ts  Plant is generally understood, how- 

ever,  additional f low data a r e  needed f o r  a detailed understanding of the system 

Seasonal water level f luctuations and unsaturated zones within the  system need to be 

better defined on a n  installation-wide scale to describe the dynamic groundwater flow 

system Hydraulic conductivity and effective porosity values also need to be deter- 
mined in the field f o r  the  Woman Creek Alluvium to support a quantitat ive evalua- 

t ion o f  solute transport at Rocky F la ts  Plant 

Bedrock Flo w Svstem Most groundwater flow in the Arapahoe Formation oc- 

curs in lenticular sandstone bodies contained within the claystones Recharge  to the 
sandstones occurs by leakage through the claystones o r  where the sandstones are  in dl -  

rect  contact  with saturated surficial  materials Groundwater in the  sandstones flows 

east  toward the point o f  regional discharge along the South Platte R i v e r  

Groundwater f low rates estimated by DOE (19861) were based on the initial 

CEARP Phase 2 site characterization (remedial investigation) and regional data 
Based on single-hole drawdown-recovery tests and packer tests, the sandstones have an 

average hydraulic conductivity of 2 x cm/sec Average hydraulic conductivltv 
values for weathered and unweathered claystone were developed using packer test 

data These values were approximately 5 X IO” cm/sec for weathered claystone and 
1 x cm/sec f o r  unweathered claystone Assuming an e f fec t ive  porosity o f  0 1 

and the regional gradient,  the horizontal velocity of the sandstones was estimated to 

be approximately 0 6  f t  per year (DOE 1986f)  

There  is a strong downward gradient between the shallow and bedrock f low 

systems (DOE 1986f)  These gradients range from 0 2 0  to 1 0  based on onsite water 

level data  from paired bedrock and shallow wells No vertical conductivity values 

a r e  available for the claystones, however, a value one-third of the horizontal conduc- 

t ivity of  1 x 10’’ was assumed in order to calculate a downward groundwater velocity 

o f  0 1 f t  per year (DOE 1986f)  
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Additional data are needed to better define bedrock flow directions and veloc- 

I ~ I C S  at Rocky Flats Plant Refined horizontal and vertical hydraulic conductivity as 

Hell as effective porosity values are needed for the sandstones and claystones to fur- 

thcr evaluate groundwater f l o w  velocities and solute transport Further testing of 

well pairs is also needed to investigate vertical gradients between the shallow and 

bedrock flow systems 

3 1.3 2 Quality 

Groundwater conditions at Rocky Flats Plant have been monitored since 1961 

and chemical data exist for monitoring over the past ten years In addition, ground- 

water samples were collected from 27 existing wells and the 69 new wells during the 

initial CEARP Phase 2 site characterization (remedial investigation) (Plate 2) Based 

on these data, a one-time characterization of alluvial and bedrock water quality IS 

presented i n  the RCRA Part B Permit Application (DOE 1986f) and summarized in  

the IGMP/CSPCP Synopsis This characterization includes a discussion of background 

and downgradient water quality Because the groundwater quality discussion pre- 

sented by DOE (1986f) is based on a one-time sampling event, seasonal water quality 

fluctuations need to be evaluated on an installation-wide basis Quarterly groundwa- 

ter quality data are being collected as specified i n  the RCRA Part B Operating Permit 

Application In addition, site-specific groundwater quality will be evaluated during 

CEARP Phase 2b site characterizations 

l 

3 1 4  Surface Water 

3 1.4 1. Hydrology 

Three intermittent streams drain Rocky Flats Plant Flow is generally from 

west to east Rock Creek drains the  northwestern corner of the plant site and flows 

to the northeast toward its offsite confluence with Coal Creek Woman Creek drains 

the southern portion of  the plant site and flows eastward to Standley Lake North 

and South Walnut Creek and an unnamed tributary drain the remainder of the plant 

site A series o f  dams, retention ponds, diversion structures and ditches have been 

constructed at the plant to control surface water and limit the potential for release of 
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poor quality water 
Part B Permit Application (DOE 1986f) 

A detailed discussion of this system is presented i n  the RCRA 

The surface water flow system is well understood and documented (DOE 
1986f) Surface water flow needs to be monitored on an installation-wide scale to de- 
scribe seasonal fluctuations in flows and to support groundwater flow and solute 

transport modeling 

3 1 4  2. Quality 

Surface water quality is characterized in detail in the RCRA Part B Permit 
Application (DOE 1986b) This characterization is based on a one-time site character- 

ization sampling event and NPDES monitoring The initial CEARP Phase 2 site char- 

acterization (remedial investigation) characterized surface water hydrology by mea- 

suring flow rates and sampling surface water at  onsite sampling stations (Plate 2) 

Surface water discharged from retention ponds is monitored reguIarly to doc- 
ument compliance with NPDES permit requirements The NPDES permit is issued 

and regulated by EPA and requires the plant to monitor for specific pollutants at 

seven discharge locations pond B-3 (discharge 
OOI), pond A-3 (discharge 002). Reverse Osmosis Pilot Plant (discharge 003), Reverse 
Osmosis Plant (discharge 004), pond A-4 (discharge 005). pond B-5 (discharge 006) and 
pond C-2 (discharge 007) Sanitary effluent limitations are placed on pond €3-3 

(sewage effluent), and limitations for nitrate and pH are placed on pond A-3 Dls- 
charge limits apply to the Reverse Osmosis Plant, and limitations on sediment release 
apply to ponds A-4, B-5 and C-2 In addition to NPDES permit requirements, all of 

these discharges are monitored for  pH, nitrate as nitrogen, nonvolatile suspended 

sohds, plutonium, americium, uranium, and tritium (RI 1986a) 

These seven discharge locations are 

Surface water quality was characterized by DOE (1986f) However, continued 

monitoring of NPDES discharge locations and the other surface water sampling loca- 

tions is necessary to define seasonal fluctuations in surface water quality 
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a I 

3 2 SITE-SPECIFIC DATA NEEDS 

Data needs at  the solid waste management units may be separated into three 
major categories soils and geology, groundwater, and surface water 

3 2.1 Soils and Ceolonv 

3 2.1 1 Soils and W8rtes 

Data needs f o r  soils include geotechnical data ( e g ,  grain size, clay content,  
moisture content, compaction, and permeability), vadose zone data (e g , adsorptive 
capacity,  buffering capacity, and pore fluids and soil chemistry), and variability of 
these parameters Collection o f  soil data may be accomplished by detailed soil Sam- 
pling and testing and/or installation of  soil water samplers as necessary In addition, 
the extent o f  surficial contamination may be investigated by collecting surface soils 
and screening them f o r  radioactive materials 

Data needs f o r  waste characterization will  include sources, site boundaries, 
I physical state, composition, and concentrations of waste materials 

3 2.1 2. Geology 

Geologic data needs include depth and composition of surficial materials, the 
local extent and lithology o f  existing sandstones, and the geotechnical characteristics 
of  both surficial and bedrock materials 

3 2 2 Groundwater 

Groundwater data needs include the monitoring of  water lcveIs, t h e  determina- 
tion of water quality and hydraulic conductivity, definition o f  local stratigraphy and 
lithology, and quantification of seeps to surface Tasks designed to f i l l  groundwater 
data needs at the high-priority sites will include installation of monitoring wells i n  

both alluvium and bedrock, sampling and geotechnical testing of alluvial and bedrock 
materials, and sampling and analysis of groundwater T h e  elevation o f  groundwater 
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will be measured in wells a n d  at seeps to provide data for determination o f  ground- 
water flow directions A complete description o f  the tasks to be implemented will be 

presented in the individual SSMP Sampling Plans 

3 2.3. Surface Water 

S u r f a c e  water data needs include topographic mapping, interceptor ditch flow, 
s u r f a c e  water f low and qual i ty ,  a n d  their variabil i ty T h e  sur face  water investiga- 
tion wlll include preparation of  detai led topographic maps of each area o f  investiga- 
tion t o  determine drainage area  characterist ics  Water samples f r o m  the interceptor 
ditches a n d  creeks  wil l  be collected from multiple locations upstream, ad jacent  to,  and 
downstream f r o m  the area being investigated Stream flow data may be collected 
from exist ing gauging stations or new installations 
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4 SAMPLING PLAN AND RATIONALE 

4.1 INSTALLATION-WIDE SAMPLING PLAN 

T h e  first task o f  this Sampl ing  Plan will  be to review all  available data so that 

a conceptual understanding (model) of the existing system can be developed T h e  sec- 
ond task will be to identify specif ic  lOCatiOnS where sampling and testing are  to be 

conducted to test the conceptual model Discussion of the probable techniques to be 

used f o r  collecting data is provided below 

4 1 1 Soils and Geolocy 

4 1 1 1. Soils and Wastes 

Characterization o f  suspected waste sites will  be conducted on a site-specific 

basis (Section 4 2) Characterization wil l  include source locations, waste compositions, 

a n d  evaluation o f  potential migration pathways AS stated i n  the introduction, most 

of the installation-wide characterization (remedial investigation) needs will be satls- 

fled by activities carried out under site-specific investigations These site-specific 

data  will be used as input to the  mathematical modcl(s) that  will bc  used to evaluate 

contaminant transport through the various pathways on an installation-wide basis 

Additional data needs identif ied by this  modeling e f f o r t  will then be identif ied 

4 1 1  2 Geology 

Additional investigations of the geology a t  R o c k y  Flats Plant are anticipated 

to be confined to collection of site-specific data Data to be generated include the 

thickness and composition of al luvial  deposits, the local extent and lithology o f  sand- 

stone units, and geotechnical parameters o f  both bedrock a n d  alluvial deposits 

4.1.2 Groundwater 

Characterization o f  groundwater flow and quality has been identified as an 
Characterization of contaminant plumes in either allu- installation-wide data need 

vial o r  bedrock units will be init iated on a site-specific basis 
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Techniques to be used in developing these data may include multiple well- 
pumping tests, slug tests, and tracer tests Monthly groundwater elevation measure- 

ments of all  wells will be conducted for at least one year i n  order to determine sea- 
sonal variation in the potentiometric surface Drilling and installation o f  additional 
groundwater monitoring wells in  locations where data a r e  lacking may be necessary I 

The extent of groundwater qual i ty  data needs will be more accurately evalu- 

ated following reviews of the available data a n d  the newly acquired site-speciftc 

dat3  All new a n d  existing monitoring wells will  be monitored quarterly to  ade-  

quately characterize seasonal and spatial variation in groundwater quality 

4 1.3 Surface Water and Sed iment 

Characterization o f  surface water flow and surface water quality will be in- 
vestigated on  a n  installation-wide basis Quarterly sampling o f  surface water in each 
drainage will  be necessary to detect seasonal variation in surface water quality Drs- 

charge  information may be collected a n d  evaluated f rom multiple locations on each 

drainage to fur ther  characterize surface water flow patterns and to evaluate the rela- 

tionship between surface water and groundwater 

Sediment quality was characterized during the initial CEARP Phase 2 site 

characterization (remedial investigation) ( D O E  I 9 8 6 f )  

additional  sediment samples a r e  not deemed necessary 

On an installation-wide basis, 

4 1 GUIDANCE FOR THE SITE-SPECIFIC SAMPLING P L A N S  

T h i s  section provides a brief overview of the planned envlronmental monitor- 

i n g  s n d  site-specific characterization activltles a t  R o c k y  Flats Planr Detailed discus- 

SIOIIS of the slte-speciflc sampling efforts and rationale will be included in the SSMP 
Sampling Plans 
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4.2.1. Soils and Gco IQPY. 

4 2 1 1 Soils and Wastes 

T h e  delineation o f  waste s i te  boundaries is an identified data need (Section 2 

o f  the Synopsis) Geophysical surveys will be conducted to delimit the boundaries 

and identify some characterist ics  of waste Sites T h e  surveys will be tied in to the In- 

stallation Coordinate System and established benchmarks T h e  surveys will include a 

sampling network specif ic  to  each potential waste Site identified i n  the SSMps, with 

systematic sampling on a grid basis 

Specific geophysical techniques to be applied a t  Rocky  Flats  Plant are ex- 
pected to include electromagnetic induction (EM), magnetometry, metal detection, and 

vertical electrical resistivity Electromagnetic induction and visual inspection will be 

used as the primary means of locating areas of disturbed soil I t  will also be used for 

reconnaissance o f  chemical  spills Magnetometry and metal detection will be used to 

locate buried metall ic  objects T h e  location of metallic objects will  provide data on 
past burial operations and wil l  be used as a gulde for drilling locations to avoid 

drilling into those objects  Resistivity will be used, as appropriate, to develop data on 
the vertical extent of the source areas 

Sampling o f  soil and wastes will be conducted to confirm the extent and char- 

acteristics o f  potential contaminants and contaminant migration A f t e r  waste site 

boundaries are  delineated by the geophysical survey, the waste sites will be sampled 

using both soil gas sampling and soil borings 

T h e  specif ic  number, location, depth, sampling interval, and requisite analvses 

for both direct and indirect samples will be specified i n  the SSMps 

4.2.1 2. Geology 

Detailed investigation of the geology of each site to be Characterized is needed 

i n  order to evaluate (1) the depth and composition of alluvial materials, (2) the local 

extent and lithology o f  sandstones, and (3) the geotechnical characteristics o f  both the 

alluvial and bedrock deposits 
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Borings and cores a t  selected locations through the  alluvium and into bedrock 

u ~ l l  be used to generate geologic data Samples of each  unit w i l l  be collected a n d  

IJrhologlcally described to generate data on the ComPosition and extent o f  geologic 

materials  Techniques f o r  sample collection and description are included i n  Ap- 

pendix A 

0 

J 2.1 3 Geotechnicd  

Slte-specific geotechnical data will  include laboratory tests to evaluate perme- 

abil i t ies ,  effective porosities, and physical properties o f  bedrock and alluvial units 
Installation needs will be identif ied as appropriate Fall ing head permeability tests 

w i l l  be performed on bedrock cores to investigate horizontal and vertical laboratory 

permeabilities,  and capil lary moisture tests will be conducted on bedrock cores to es- 
t imate effective porosities At least three samples of each bedrock unit will be tested 

to account for  sample variabil i ty 

If existing data  does not include physical properties data ,  physical properties 

tests will  be performed on appropriate bedrock and al luvial  materials Physical prop- 

ert ies  tests will consist o f  grain-size analyses, Atterburg limits, and water content 

tests Hydrometer tests will be performed if more than 50 percent o f  a sample passes 

the 200-mesh sieve Physical property test results will be used to develop a basis for 

selecting monitor well screen and filter pack sizes, to compare visual f ield classifica- 

tlons on boring logs with laboratory results, and to calculate permeability values 

based on empirical correlations to physical properties 

4 Z 2 Groundwater 

Spec i f i c  tasks KO be completed i n  order to characterize the hydrogeologv of 
Rocky Flats  Plant a r e  expected to include soil gas surveys, monitor well installation 

a n d  sampling, and sur face  water sampling Soil gas surveys will be completed i n  or- 
d e r  to detect the distribution o f  volatile organic contaminants within the groundwater 

as well as  to assist i n  locating source areas Installation a n d  sampling o f  groundwater 

monitoring wells will provide data on the flow and quality of groundwater in the 

v ic in i ty  o f  the sites 
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4 2.3 Surface W a t w  

Sampling of surface water will provide data on the potential impact of  

groundwater on surface water quality 

4 2.4 

Monitoring o f  air  for  particulates and organic vapors wil l  be maintamed on a 
site-specific basis during invasive sampling ( 1  e ,  soil boring) for the purpose of pro- 
tecting the health and safety of the sampling team This monitoring will be used to 
determine the need, if any, for additional air quality sampling during site 
characterizations (remedial investigations) Specific air monitoring procedures to be 
used during invasive sampling will be specified in  the SSMP Health and Safety Plans 
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5 SAMPLE N U M B E R I N G  S Y S T E M  

Each sample collected for  chemical analysis, including replicates, blanks, and 

quality control check samples, will be identified by a unique sample identification 

number Samples are identified by installation (Rocky Flats Plant), location (I e ,  well 

number), sample matrix, sample ID, date, and lot control number (for tracking lots as- 
sociated with a particular blank, replicate, or  quality control check sample) Sample 

results will be reported by matrix on the same basis 

Location ID and sample ID, including all of the above information, will be as- 
These data identifiers will be assigned 

Field personnel will carry a list of designations, keyed to a 

signed by the subcontractor site manager 

prior to f ield activities 

map, into the f ield with them 

Additional locations may be assigned while field teams are onsite, if war- 

I f  additional locations are assigned during field activities, they will be doc- 

It will be the responsibility o f  the f ield team leader to 

A copy o f  the form is in-  

ranted 

umented by the field team 

make sure a "Location Information" form is completed 

cluded i n  Appendix B o f  the Technical Data Management Plan 
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6 SAMPLING EQUIPMENT AND PROCEDURES 

This section presents general procedures to be followed during the site charac- 

Equipment and procedures terizations (remedial investigations) at Rocky Flats  Plant 

to be used are presented in Appendix A 

6 1 SURFACE SOIL SAMPLES 

Samples o f  surficial soil material may be collected from onsite areas of Rocky 

Flats Plant using a spade or scoop T h e  samples will be placed into the appropriate 

sample container,  labeled, and transported to the laboratory, where they will  be 

screened for radioactive contamination The sampler will be decontaminated prior to 

each use in accordance with the standard protocol presented in  Appendix A 

6 2 SOIL SAMPLES COLLECTED DURING DRILLING 

Soil borings will be performed to characterize the nature and volume of 

Site- wastes General drilling and logging procedures are  described i n  Appendix A 

specific modifications to these procedures will be included in individual SSMps 

6 2 1 SamDles for  Laboratory Analvsig 

Continuous drive samples will be collected from the ground surface to total 

depth where possible Total depth will vary depending on visual description of  sam- 

ples ( I  e ,  presence o f  stains for metals) and qualitative screening f o r  organics and 

radionuclides 

In general, up to six samples from each boring at suspected waste sources may 

be submitted for  laboratory analysis Screening will be used to determine w h i c h  Sam- 

pies to submit f o r  laboratory analysis The purpose of screening is to obtain a prelim- 

inary indication of  the magnitude and distribution of volatile contaminants, metals, 
and radionuclides in the subsurface Selection of the samples will be based on the 

screening (visual, radiation, and organic vapors) Samples from the core at  the fol-  

lowing locations may bc submitted to the laboratory 
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- directly above the waste - in  the most contaminated zone o f  the waste 
- directly below the waste - at  the base of the surficial material 
- within the bedrock near the bedrock/alluvial contact 

The  exact location of the samples will be determined by interpretation of the 

visual  characteristics, and radiation and organic vapor measurements Two samples 

characterizing the most contaminated zone Of  the waste may be submitted should the 

zones of highest radiation and volatile organics not correlate Also, a sample directly 

above the waste may not be submitted for analysis should this zone be a t  or near the 

surface, because the surface will adequately demark the upper bounds of the waste 

Should the waste be located within the bedrock, only one coring below the waste will 

be submitted 

Soil samples will be collected from soil borings near waste sources to determine 

the extent and magnitude of soil COntaminatiOn Visual, fadlation, and organic vapor 

screening will be used to determine which samples to submit for laboratory analysls 

In general, up to three samples will be submitted for analysis 

Sampling equipment will be decontaminated Prior to each use i n  accordance 

with the standard protocol presented in  Appendix A 

6 3. IiIONITORING WELL INSTALLATION 

Monitoring wells will be i n s t a k d  on a site-specific basis to characterize 

Their  locations will be based on geophysical and so11 gas sur- groundwater quality 

\‘e> s 

General procedures for the installation of monitoring wells  are described i n  

Appendix A 

6.3.1. Installation of Soil Water SamDlerS 

Soil water samplers (lysimeters) may be installed for characterization of the 

A procedure for the installation Of Soil water samplers is included in vadose zone 
Appendix A 



6 3 2 Installation of Soil Water Monitors 

Various devlces to monitor soil Suction or  Soil moisture content may be in-  

stalled (e g , tensiometers, neutron probe access tubes, thermocouple psychrometers, 
a n d  resistance blocks) T h e  specific devices will be detailed in the SSMP Sampllng 

Plans Procedures for installation O f  tensiometers a r e  included in Appendix A 

6 4 GROUNDWATER SAMPLES 

m g r a t i o n  through groundwater has been identified as a signif icant potential 

pathway for release of  contaminants to the environment at Rocky  Flats  Plant Sam- 

pling of  groundwater is necessary to evaluate the degree of groundwater contamina- 

tion whlch has occurred as well as the potential for  future contaminant migration 

wells will be purged before sampling Procedures for well sampling and 

purging a r e  presented in Appendix A 

6.5. HYDRAULIC TESTS 

Groundwater systems may be tested to characterize hydraulic properties such 

a s  hydraulic  conductivity and effective porosity, t O  Calculate groundwater flow veloc- 

i ty,  and to  estimate other properties important t O  contaminant migration Procedures 

for drawdown-recovery tests of  monitoring wells a r e  included In Appendix A 

6 6 SURFACE WATER SAMPLES 

Surface water samples will be collected from streams, ditches, and seeps to as- 

The samples W I I I  s i s t  in characterizing the hydrogeochemistry of Rocky Flats Plant 

be collected according to the protocol presented in Appendix x 

6 7 STORAGE AND DISPOSAL OF DRILLING AND SAMPLING WASTES 

Sampling and drilling activities could generate potentially hazardous solid and 
The activities,  anticipated type and amount of waste, a n d  planned liquid "wastes" 

handling of the wastes are  summarized below 
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- Waste boring sampling solid, auger cuttings and excess soil/cuttings 
collected but not retained in sample containers--returned to borehole 
upon completion (bentonite plugs placed at  the base of  the borehole 
to approximately 2 f t  above the base of waste material a n d  also at 
the surface of the borehole), liquid-none 

- Surface soil sampling solid, any excess soil from that collected for 
the composite--returned to holes created by sample collection, liquid-- 
none 

- Sediment sampling solid, a n y  excess sediment collected in auger but 
not retained in jars--lef t a t  sampling site, liquid--none 

- Surface water sampling solid-none, Iiquid--none 

- Monitoring well installation solid, bulked in drums f o r  screening 
and/or composite testing and appropriate disposal when taken f r o m  
suspect contaminated sites, otherwise le f t  on land surface adjacent to 
well, Iiquid--none 

- Vadose zone monitor installation solid, bulked in  drums f o r  compos- 
ite testing and appropriate disposal when taken from suspect contam- 
inated sites, otherwise, l e f t  on land surface ad jacent  to bore holes, 
Iiq uid--none 

- Pump testing liquid, discharged to plant waste treatment system 
when testing a t  a suspect contaminated site, otherwise, disposed of on 
ground surface 

- Groundwater purging/sampling solid--none, l iquid, purged f rom 
wells prior to sampling discharged to plant waste treatment system 
when testing a t  a suspect contaminated site, otherwise, disposed of  on 
ground sur face  

Disposal of any bulked "wastes" wil l  depend on analytical test results o f  Sam- 

ples taken to characterize the wastes One composite sample will be taken on a site- 

b\ -site basis Testing will  be done for EP toxicity,  hazardous characteristics. Haz- 

3rdous Substance List (HSL) organics,  and radioactlke materials to determine accept- 
3b i l l ty  a t  the R o c k y  Flats  Plant waste treatment facilities I f  the material cannot be 

accepted by the R o c k y  Flats  Plant waste treatment and/or disposal facilities,  i t  will 
be disposed of at a n  appropriate o f f s i te  faci l i ty Solid wastes such as disposable 

booties, Tyvek ,  contaminated paper, and Saran Wrap, will be considered hazardous for 

disposal purposes, the subcontractor site manager will ensure that wastes are disposed 

o f  in  an approved manner 
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7 SAMPLE ANALYSIS AND HANDLING e 

' e  

T h e  testing program f o r  samples collected during implementation of this Sam- 

piing Plan will be summarized i n  individual SSMPs All water sampled ( I C ,  surface 

water,  effluents, soil water,  and groundwater) wil l  be tested i n  the field fo pH, spe- 

cific conductance, a n d  temperature T h e  water,  waste,  and soil samples will be tested 

for select organic,  inorganic,  and radiological parameters using the analytica methods 

detailed i n  the IGMP/CSPCP Quality Assurance/Quality Control Plan 

7 1 SAMPLE CONTAINERS AND PRESERVATION 

Sample containers a n d  preservation are presented in Tables 7 1 and 7 2 Ana- 

lytes will be identif ied on a site-specific basis in  the SSMPs Although initial Sam- 

pling should not include collection of other than low-hazard environmental samples, 

guidance regarding high-, medium-, and low-hazard samples is provided 

7 1 1 Hivh-Hazard SaInDia 

High-hazard samples collected for chemical  analysis, those collected from 

drums, tanks, or spills, where they have not been diluted by environmental conditions, 

will be contained and preserved in  accordance with €PA protocols listed in  Table 7 1 

These samples will be shipped directly to the laboratory for preparation o f  extracts 

T h e  analysis to be performed must be specified a t  the time the high-hazard sample 

preparation is  scheduled All high-hazard samples will be placed i n  8-02 wide-mouth 

glass jars,  sealed i n  paint cans, and marked as hazardous ho preservatives are rc- 

quired f o r  high-hazard samples 

Samples collected i n  locations where radioactive contamination could occur 

It  is not anticipated that any samples will qualify as will be screened in the f i e ld  

radioactive under D O T  regulations 

7 1.2. Medium-Hazard Samblcs 

Medium-hazard samples a r e  those that have originated from drums or concen- 

trated residues, but that have been dlluted somewhat by environmental conditions 

Medium-hazard samples will be contained, preserved and shlpped as appropriate for 
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testing i n  accordance with E P A  protocols listed in T a b l e  7 2  All medium-hazard 
s3mple containers will be placed in paint cans and marked as hazardous In al l  other 

respects, medium-hazard samples are  treated in the same manner as low-hazard Sam- 

ples 

7 1.3 Low-Hazard SamDles 

Low-hazard samples a r e  environmental samples in which contaminants have 

been signif icantly diluted by the environment Low-harard samples will be contained 

and preserved as appropriate f o r  testing in accordance with E P A  protocols listed in 

T a b l e  7 2 If necessary, samples will  be placed on ice immediately a f t e r  collection to 

maintain a temperature of 4 ' ~  

Most groundwater samples collected for soluble inorganic metals analysis will 

be filtered in the field or at a n  onsite laboratory a s  soon as possible a f t e r  collection 

but  prior to the addition o f  nitr ic  ac id  preservative F i l te r ing  will be done with a 
pressure f i l tration device and 0 45-micron filter S u r f a c e  water samples and ground- 

water samples collected f o r  total metals analysis will not be filtered prior to acid 

preservation 

7 1.4 Radioloeical SamDlef 

Radioactive contamination of soils and water is of  concern a t  Rocky Flats 

Plant Only low-level samples a r e  anticipated, however, samples will be screened i n  

the field to conf i rm that expectation All soil samples to  be analvzed for  radionu- 

clides (e  g , tritium, uranium, plutonium, americium, and strontium) will be collected, 
contained, and preserved according to protocols specified f o r  metals and cyanide i n  

soli and sediment (Table  7 2 )  All water samples to be analyzed for these parameters 
w 111 be collected, contained, and preserved identically to low-concentration minerals 

i n  water (Table  7 2 )  
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7 2 SAMPLE PACKAGING AND SHIPMENT 

7 2.1 Hieh-Hazard Sa r n D l C S  

In preparation for shipment to the analytical laboratories, all high-hazard 

samples wdl be packaged in accordance with the following procedures 

- Sample container caps will be tightened securely and sealed with 
tape, liquid levels will be marked if bottles are partially full 

- Sample labels will be securely attached to the sample container, each 
sample container will be placed in  a zip-loc baggie (TM), ensuring 
that labels can be read 

- All bagged sample containers will be placed in  paint cans, and the 
cans will be filled with vermiculite 

- The paint cans will be placed i n  a cooler lined with two inches of 
vermiculite or equivalent absorbent packing material, each paint can 
will be surrounded by packing material and all remaining space i n  

cooler will be filed with additional packing material 

- Chain-of-custody forms will be placed in  a manila envelope, the en- 
velope will be placed i n  a zip-loc baggre (TM) and taped to the inside 
o f  the cooler lid 

- The  cooler will be closed and sealed shut with strapping tape, if the  
cooler has a drain port, i t  will be sealed shut with tape, custody seals 
will be placed across the closure at  the front o f  the cooler 

- The cooler wil l  be marked with labels indicating hazardous sub- 
stances 

- If shipped offsite. the shipper's and consignee's addresses will be 
fixed to the top of the cooler, i f  the samples are liquid, "This End 
Up" labels w ~ l l  be placed appropriately 

- The cooler wil l  be shipped to a laboratory 

High-hazard samples will be shipped within twenty-four hours of collection if  

sent to an offsite  laboratory 
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7 2.2 Wed ium-Hazard Sambles 

Medium-hazard samples will be packaged i n  the same manner as high-hazard 

s3mples 

sent t o  an offsite laboratory 

hours if sent to an o f f s i t e  laboratory 

Organics samples will be shipped within twenty-four hours o f  collection if  

Inorganics samples will be shipped within forty-eight 

7 1.3 Low-Hazard S a m d e s  

In preparation for shipment to the  analytical  laboratories,  al l  low-hazard sam- 
ples will  be packaged in  accordance with the  following procedures 

- T h e  sample wi l l  be checked for proper preservation, the sample con- 
tainer cap will  be tightened securely and sealed with tape, liquid 
levels will be marked if bottles a r e  partial ly f u l l  

- Sample labels wil l  be securely attached to the sample container,  each 
sample conta iner  will  be placed i n  a zip-loc baggie (TM), ensuring 
that  labels can be read 

- T h e  bagged sample containers wil l  be placed in  a cooler lined with 
two inches o f  vermiculite or equivalent absorbent packing material, 
each sample wil l  be surrounded by packing material  and a l l  remain- 
ing space in  t h e  cooler will be f i l led with additional  packing mate- 
r ial  

- Chain-of-custody forms will be placed i n  a manila envelope, the en- 
velope will  be placed in a zip-loc baggle (TM) and taped to the inside 
o f  the cooler lid 

- T h e  cooler will  be closed and sealed shut with strapping tape, if the 
cooler has a dra in  port, i t  will be sealed shut with tape, custody seals 
will be placed across the closure at the f ront  o f  the cooler 

- I f  shipped o f f s i t e ,  the shipper's and consignee's address will be af-  
f ixed  to the top o f  the cooler, if the samples are  liquid. "This End 
Up" labels will  be placed appropriatelv 

Samples for organic  analyses will  be shipped within twenty-four hours o f  col- 

lect ion if sent to an o f f s i t e  laboratory Samples f o r  inorganic analyses will  be 

shipped within forty-eight hours of collection if sent t o  an o f f s i t e  laboratory 
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7 2 4 Radiolonical SamDles 

Environmental  samples f o r  radiological analysis  should be low-hazard and i f  

shipped o f f s i t e  will be shipped according to the procedures for low-hazard samples 

Sampies collected during soil sampling will be screened for radioactlvity Should ra- 
dioactivity levels exceed DOT criteria for classification a s  radioactive (specific actlv-  

i ty  greater than 0002 microcuries per gram), they wil l  be labeled and shipped accord- 

ing to DOT regulations if sent o f f s i t e  
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T a b l e  7.1 Required Sample Containers nd Preservation 
for  High-Hazard Samples al 

Test  i n  a Containe rs Preservation 

Qrnanics i n  Water and Liauids (High Concc n tta tion 1 

All Organics 
Ana lysis 

One 8-02 wide-mouth 
glass j a r  with Tef lon-  
lined cap,  f i l led 3/4 
fu l l  

lnornanics i n  Water and Liauids (High Concentratio n) 

All Inorganics 
Analysis 

Fluoride 

One 8-02 wide-mouth 
glass jar, f i l l ed  3/4 
fu l l  

One 500-ml polyethylene 
bottle f i l l ed  to shoulder 

g r a a n i c s  i n  Soil  a nd S e d 4  n 

All Organics 
Analysis 

One 8-02 wide-mouth 
glass jar with Teflon- 
lined lid, f i l l ed  3/4 
fu l l  

Inoraanics i n  Soil  a n d  Sediment (Hiah Concentration) 

All Inorganics 
Analysis 

Fluoride 

One 8-02 wide-mouth 
glass jar, f i l led 3/4 
fu l l  

None required 

None required 

None required 

None required 

None required 

One 500-ml polyethylene None required 
bottle f i l led to 
shoulder 

'All high-hazard sample bottles must be shipped i n  paint cans as hazardous 
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Table 7 2 Required Sample Containers and Preservation1 
for Medium and Low Hazard Samples 

Test 1 n n  Containers Preserva tion 

ntrationl 2 Ornanics I n  Water and Liauids (Med rum Conce 

Extractables 
(acid, base/ 
neutral, 
pesticides/PCB) 

Volatiies 

Four 32-oz wide-mouth None required 
glass jars with Teflon- 
lined caps, f i l led to 
neck 

Two 40-mi VOA vials with 
Teflon-lined caps, com- 
pletely filled--no air 
bubbles 

3 Inoraanics i n  Water and Liauids (Medium Concentration) 

Metals 

Cyanide 

One 16-02 wide-mouth 
glass amber bottle; 
filled to shoulder 

One i6-02 wide-mouth 
glass amber bottle, 
fi l led to shoulder 

Total  Suspended 
Solids, Total polyethylene bottle, 
Dissolved Solids fil led to shoulder 

One 500-ml high density 

Minerals 
Acidity 
Alkalinity 
Chlorine 
Fluoride 
Sulfate 

Nutrients 
Ammonia 
COD 
TKN 
g p 2  

Total Phosphorous 

One 500-ml high-density 
polyethylene bottle, 
fi l led to shoulder 

One I-liter polyethylene 
bottle filled to shoulder 

None required 

1 1  H N 0 3  to 
pH<2 

6 N  NaOH to 
pH> 12 

None required 

Cool 4 o c  
Cool 4% 

Cool 4OC 

Room temperature 
Room temperaurc 

1 ml 1 1  H2S04 
to pH<2, cool 
4% 
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Table 7 2 (Continued) 

@ Testina Containers 

Oreanics i n  Soil an d Sediment (Med I um Concentration) 

Ex t ractables 
(acid, base/ 
neutral, 
pest icides/PCB) 

Vola t iles 

One 8-0z, wide-mouth 
glass jar with Teflon- 
lined lid, filled about 
3/4 full 

Two 120-ml glass vials 
with Teflon-lined lid, 
filled as completely as 
possible 

Inoraanics i n  Soil and Sed iment (Medium Co ncen t ra tion) 

Metals and Cyanide One 8-oz, wide-mouth 
glass jar ,  filled about 
3/4 full  

Preserva t ion 

None Required 

None Required 

None Required 

Oreanrcs i n  Water and Liauids (Low Concentration) 

Extractables Two 1/2-gal glass Iced to 4OC 
(acid, base/ amber bottles with 
neutral, Tef lon-lined caps, filled 0 pcsticides/PCB) to neck 

Volatiles Two 40-ml VOA vials with 
T e f  Ion-lined caps, com- 
pletely filled--no air 
bubbles 

Iced to 4OC 

3 lnoreanics i n  Water and Liauid (Low Concentration) 

\it t 31s 

C> anide 

One 1-liter high-density 
polyethylene bottle, p H d  
filled to shoulder 

1 1  HY03 to 

One 1-liter high-density 
polyethylene bottle, pH> 12 
filled to shoulder 

6N NaOH to 

Total Suspended One 500-ml high-density None Required 
Solids, Total polyethylene bottle, 
Dissolved Solids filled to shoulder 
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Table  7 2 (Continued) 

Test I n  9. 

Mine ra 1s 
Acidity 
Alkalinity 
Chloride 
Fluoride 
Sulfate 

Nutrients 
Ammonia 
COD 
T K N  

Y 3 - N O 2  

Total  Phosphorous 

Con ta iners 

One 500-ml high-density 
pol yet hylene bottle, 
fi l led to shoulder 

One I-liter polyethylene 
bottle fil led to the 
shoulder 

Organics I n  Soil and Sediment (Low Concentration1 

Extractables 
(acid, base/ 
neutral, 
pesticides/PCB) 

Vola tiles 

Preservation 

Cool 4OC 
Cool 4OC 

Cool 4oc  

Room temperature 
Room temperature 

I ml 1 I H 2 S 0 4  
to pH<2, cool 
4% 

One 8-02, wide-mouth 
glass jar with Teflon- 
lined lid, fil led about 
3/4 ful l  

Iced to 4OC 

One 8-02 glass vial 
with Teflon-lined lid, 
f i l l  as completely as 
possible 

Inoraanics i n  Soil and Sediment (Low Concentration) 

Metals and Cyanide One 8-02, wide-mouth 
glass jar ,  fi l led about 
3/4 f u l l  

Iced to 4OC 

Iced to 4OC 
(optional) 

'All medium-hazard sample bottles must be shipped in pamt cans marked as 
hazardous 

2Water samples collected for duplicate analysis must be collected a t  double the volume 
specified for organics and inorganics In addition, one volatile trip blank ( d ~ s t ~ l l e d -  
deionized water poured directly into two 40-ml vials) should be supplied per 
shipment 

31f sample preservative is required, pH will be monitored to assure proper adjustment 
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8 SAMPLE DOCUMENTATION AND TRACKING 

8 1 FIELD RECORDS 

Field observations a n d  other  pertinent information Pertaining to sample collec- 

tion will  be recorded i n  bound f i e l d  notebooks using black ink Data will be recorded 

on field data records contained in Appendix B of the Technical  Data Management 

Plan and entered into the data base as described in  the Technical  Data Management 

Plan 

Notebooks shall  be assigned to field personnel Each  notebook will be identi- 

fied by a Document Control Number T h e  cover of the notebook will contain the 

following information organization, book number, project name, start date,  and end 

date 

8 2. CHAIN-OF-CUSTODY PROCEDURES 

All samples will be collected and handled i n  accordance with the chain-of-cus- 

tody procedures listed below 

- Samples will be kept i n  the possession or sight of at  least one sam- 
pling team member a t  a l l  times, unless transferred to a secure, locked 
area 

- A sample ID tag, incIuding predesignated location ID and sample ID 
will be a f f i x e d  i n  the f i e l d  

- Prior to relinquishing samples for packaging and shipment, one 
member o f  the sampling team will fi l l  out a chain-of-custodv record 
(Figure 8 1) for  all team members to sign 

- I f  samples are stored temporarily prior to shipment, they will be kept 
cool and placed in  a secured storage area Coolers will be sealed and 
custody seals a f f i x e d  just prior to shipment 

- If  custody is transferred to  the Shipping and Receiving Department 
at  Rocky  Flats Plant,  the  recipient will sign the chain-of-custody 
form 

- Shipping receipt for shipment by courier (above) should be retained 
and kept with one copy of the chain-of-custody form 



8 3 PHOTOGRAPHS 

In addition to written records, photographs will be taken as needed to further 

The film roll number and number of photographs taken c lar i fy  sampling activities 

a t  each  sampling location will be noted 
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1.0 INTRODUCTION 

This soil sampling and analysis plan outlines field and 

laboratory investigations designed to provide an adequate data 

base for evaluating closure performance criteria for soil and 

determining acceptable closure alternatives for the original 

process waste lines (OPWL). 

The closure alternatives for soil adlacent to the OPWL, which may 

have been contaminated by uncontrolled releases of process waste, 

are presented in Section 3 . 4 . 4  of the closure plan. Selection of 

the closure alternatives is based on the closure performance 

standards in Section 3 . 4 . 5  of the closure plan. 

The soil 

1) Phase IA - 

2 )  Phase IB - 
3 )  Phase IC - 

sampling will be conducted in three phases- 

Areas along the OPWL of known releases or possible 
contamination; 

Areas along the OPWL of suspected releases: and 

Areas along the OPWL of no known or suspected 
releases. 

1-1 



C07890010526 Date: October 3, 1988 
Revision No.: 1 

Within each phase, a soil characterization study will be 

implemented. The initial characterization will consist of 

qualitative investigation, such as direct radiation surveying, 

and quantitative analysis of soil samples from near the bottom of 

the pipe trench under investigation. Results of the initial 

investigation in each phase will determine the presence of (or 

lack of) soil contamination. 

Additional characterization will be conducted in areas where 

contamination is detected. This aspect of the characterization 

study is designed to evaluate the lateral and vertical extent of 

contamination. Information from the characterization studies 

will provide input for design of the closure alternative to be 

implemented by the closure plan. 
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2.0 BACKGROUND 

2.1 Facilitv Description 

Date: October 3, 1988 
Revision No.: 1 

The OPWL consists of a system of tanks and associated lines 

beneath the ground surface and under buildings. The system was 

constructed to transport process wastes from point of origin to 

on-site treatment points. The OPWL was placed in service 

beginning in 1952. Additions to the system were completed 

through 1975, after which the OPWL was gradually replaced by the 

new process waste system. Further discussion of the system is 

provided in Section 1.2 of the OPWL closure plan. 

The OPWL was first identified as a RCRA regulated unit in the 

summer of 1985 and remaining operable sections were subsequently 

abandoned. A closure plan for the OPWL is required pursuant to I 

Part 270 and 264 of the Colorado State Hazardous Waste 

Regulations (6 CCR) and Title 40, Part 264 of the Code of Federal 

Regulations ( 4 0  CFR). This sampling plan is an integral part of 

I 
I 
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the closure plan for the OPWL, which is a part of the RCRA Post- 

Closure Permit Application (U.S. Department of Energy, 1988) 

The OPWL requires soil characterizatlon under thls closure plan. 

Uncontrolled releases have occurred along portions of the 

abandoned lines. The approximate locations of the releases have 

been determined and are discussed in Sections 1 . 2 . 3 . 4  and 1 . 2 . 4 . 4  

of the closure plan. Using the methods presented in this 

sampling plan , ad] acent soils will be characterized for 

evaluation of closure alternatives and compliance with the 

closure performance standards. 
I 

2.2 SamDlinq Performed to Date 

Soil samples were obtained and analyzed prior to September 1, 

1976. The samples were obtained from areas of known leaks and 

repairs along the OPWL. The locations of the soil samples and 

the results of the analyses are presented in Table 3-1 

(Section 3.4.3 of the closure plan). All soil samples were 
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obtained from the bit of an auger after drilling to depths of 

approximately four feet. 

Additional analyses are required to characterize the soil along 

the OPWL in order to evaluate closure alternatives. Rockwell 

International is currently preparing a plant-wide study to 

evaluate background concentrations to allow assessment of soil 

contamination from the OPWL. 

2 - 3  
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3.0 SOURCE CHARACTERIZATION 

The process wastes consisted of aqueous solutions with elevated 

nitrates , uranium -233 , -234, and -238, and transuranics 

(plutonium -239 and americlum -241). Also anticipated in the 

wastes are relatively small quantities of elevated metals and 

volatile organics. Further details of the waste characterization 

are presented in Section 1.2.2 of the OPWL closure plan. 

If possible, waste samples will be obtained from the tanks and 

lines during closure and analyzed in accordance with the Waste 

Analysis Plan in Section C of the RCRA Part B Permit Application 

(USDOE, 1987a) Based on the known contaminants in the waste, 

and the results of any waste analyses, contaminant indicator 

parameters will be selected to characterize the presence of, and 

extent of, soil contamination from uncontrolled releases along 

the original process waste lines. 
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4.0 INDICATOR PARAMETERS FOR SOIL SAMPLING 

Indicator parameters for soil sampling are discussed in 

Section 3.4.5.1 of the OPWL closure plan. The indicator 

parameter groups to be analyzed are summarized below: 

0 Nitrates 
0 Hazardous Substance List (HSL) Volatile Organics 
0 Hazardous Substance List (HSL) Metals 
0 Uranium 
0 Transuranics 

Nitrates are included since low-level radioactive wastes with 

high nitrate concentrations have been one of the forms of waste 

sent through the OPWL. 

Volatile organics may have been transferred through the OPWL in 

small quantities. The specific volatile organics are unknown, 

therefore, all of the HSL volatile organics will be included as 

characterization indicator parameters. 

Metals have been transferred through the OPWL; however, specific 

metals are not known. Therefore, all of the HSL metals have been 

selected for analysis in the characterization studies 
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Uranium is the only radionuclide that was considered 

representative of the wastes in the OPWL. The isotopes U-233, U- 

234, and U-238 have been selected as indicator parameters. 

Plutonium is the only transuranic that is used on the site. 

However, americium is a daughter product of plutonium, and can be 

found at the Rocky Flats Plant due to ingrowth. Therefore, 

plutonium and americium have been selected as indicator 

parameters. 

Further discussion regarding selection of indicator parameters is 

presented in Section 3.4.5.1 of the OPWL closure plan. Specific 

indicator parameters from the above groups are summarized in 

Table 4-1. 

4-2 
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TABLE 4-1 

Date: October 3, 1988 
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‘ 0  

a 

SOIL CHARACTERIZATION INDICATOR PARAMETERS 

0 Nitrate 

0 Uranium 
U-233, 234 & 238 

0 Transuranics 
Pu-239 & 240 
Am-241 

0 HSL Metals 
Antimony (SB) 
Arsenic (As) 
Barium (Ba) 
Beryllium (Be) 
Cadmium (Cd) 
Lead (Pb) 
Mercury (Hg) 
Nickel (Ni) 
Selenium (Se) 
Silver (Ag) 
Thallium (Tl) 

0 H S L  Volatile Organics 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 
1,l-Dichloroethane 
trans-1,2-Dichloroethene 
Chloroform 

4-3 

CAS Number 
7 4 - 8 7 - 3  
74-83-9 
75-01-4 
75-00-3 
75-09-2 
67-64-1 
75-15-01 
75-35-4 
75-35-3 
156-60-5 
67-66-3 

I 
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TABLE 4-1 

SOIL CHARACTERIZATION INDICATOR PARAMETERS 

0 HSL Volate Organics (Continued) 

1,2-Dichloroethane 
2-Butanone 
l,l,l-Trichloroethane 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1,1,2-Trichloroethane 
Benzene 
cls-1,3-Dichloropropene 
2-Chloroethyl Vinyl Ether 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

CAS Number 
107-06-2 
7 8-9 3 -3 
71-55-6 
56-23-5 
108-05-4 
75-27-4 
79-34-5 
78-87-5 
100061-02-6 
79-01-6 
124-48-1 
79-00-5 
71-43-2 
10061-01-5 
110-75-8 
75-25-2 
591-78-6 
108-10-1 
127-18-4 
108-88-3 
108-90-7 
100-41-4 
100-42-5 
100-42-5 
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5.0 SAMPLING PLAN 

5.1 Analysis Rationale 

Uncontrolled releases of process waste along the OPWL may have 

resulted in contamination of some adlacent soil. If the analyzed 

concentration of the soil characterization indicator parameters 

exceeds the closure performance level, action is required for 

closure to comply with applicable state and federal regulations. 

The closure performance standard for the OPWL, which presents 

concentration limits for the selected indicator parameters, is 

discussed in Section 3.4.5.2 of the OPWL closure plan. The 

concentration limits are summarized in Table 3 - 4  (Section 3 . 4 . 5 . 2  

of the closure plan) 

This soil sampling plan is designed to provide data on the level 

of s o i l  contamination adjacent to the OPWL in order to evaluate 

the closure alternatives based on the closure performance 

standard The overall sampling plan is divided into three phases 

according to areas of known releases, suspected releases, and 

I1cleanl1 areas as follows: 
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1) Phase IA - Areas along the OPWL of known releases; 

2) Phase IB - Areas along the OPWL of suspected releases or 
potential contamination; and 

3) Phase IC - Areas along the OPWL of no known or suspected 
releases. 

Within each phase a characterization study will be conducted. 

The characterization will consist of direct radiation surveying 

and soil sampling to determine if contamination exists. 

If any of the indicator parameter concentrations exceed the 

levels given in Table 3-4 (Section 3.4.5.2 of the closure plan) a 

subsequent characterization study will be conducted to evaluate 

the lateral and vertical extent of contamination. 

In the areas of Phases IA and IB, initial characterization 

results that indicate llcleanll conditions will be confirmed during 

subsequent characterization by reducing the sampling distance 

between the initial consecutive sample locations along the 

section of line under investigation The purpose for 

confirmation of llcleanll conditions during the subsequent 

characterization is to increase the statistical confidence level 
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of finding an isolated area of contamination in areas where 

releases have been reported or are otherwise suspected. 

Confirmation sampling will not be conducted in Phase 1C where 

initial indicator parameter concentrations are less than the 

performance levels. 

5.2 Location of SamDlins Points 

5 . 2 . 1  Preliminary Characterization a 
Initial characterization will be conducted to determine the 

presence of contamination from uncontrolled releases. Methods 

used will include line verification, direct radiation survey and 

soil sampling. These methods use progressively refined screening 

procedures to effectively and efficiently locate contamination 

from uncontrolled releases of the OPWL. 
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5.2.1.1 Line Verification 

Line locations will be verified using pits excavated by backhoe 

and hand methods. This will permit positive identification Of 

the line, along with exact location and depth. Line locator 

devices can be attached to conductive pipe materials for surface 

location between pits. In nonconductive pipes, a conducting 

locator device can be inserted into the pipe after a section of 

pipe is removed. The pits will be spaced only as close as 

necessary to provide positive surface identification with locator 

devices. The pit excavations will be located to minimize 

interference with other utilities, structures, and plant 

operations. 

In addition to locating the pipe, the excavations will provide 

information on visible contamination, extent of trench backfill, 

and the type of backfill material. This qualitative information 

will provide input f o r  location of direct radiation surveys and 

soil sampling. 

5-4 



C07890010526 Date: October 3, 1988 
Revision No.. 1 

5.2.1.2 Direct Radiation Survey 

A direct radiation survey will be conducted over the ground to 

detect measurable amounts of radioactivity at or near the 

surface. The assessment will be conducted in accordance with 

Rocky Flats Radiation Monitoring Procedures (Rockwell, 1986). A 

Field Instrument for Detection of Low Energy Radiation or a 

Phoswhich detector will be used to survey for radioactive 

contamination in the upper few centimeters of soil. The survey 

will cover the ground surface along the length of the pipe and 

ten feet in both directions transverse to the pipe. Levels will 

be documented by recording high and low values in each 200 square 

feet (20 feet transverse of the pipe by ten feet along the pipe). 

Readings will also be taken at locations that coincide with the 

preliminary soil sample locations proposed and will be recorded. 

Because of the limitations of the instrumentation for detecting 

low energy gamma radiation in situ, the laboratory analysis will 

provide the primary data f o r  decision making The Direct 

Radiation Survey will be done prior to sampling and will give 

some indication as to the extent of contamination near the 
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surface, and will be helpful in prescribing worker protection for I 

I 
the sampling. , 

5.2.1.3 Soil Sampling 

The sampling points for the initial characterization will be 

I located immediately adlacent to the line under investigation and 
I 

within one foot below the springline of the pipe. Conceptual 

soil sampling locations are shown on Figure 5-1. The most likely 

location for adlacent soil contamination is in the trench 

I The sand and backf ill ad] acent to and below, the pipe. 

backfilled soil is more permeable than the undisturbed 

surrounding s o i l .  This results in a general tendency to pronote 

lateral migration along the backfilled trench. 

la 

Reported releases were often documented with estimated flow rates 

typically ranging on the order of two gallons per minute. Based 

on this rate, and conservatively assuming the releases were not 

detected for up to eight hours, a reasonable release quantity of 

1,000 gallons was calculated for estimating the size of the 
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contaminated area 

detect. 

ha the soil sampling pl wa designed to 

Assuming the release saturated the s o i l  along the pipe in the 

bottom of the trench over an estimated width of three feet and a 

depth of 0.5 feet, using soil propertles of 35 percent porosity, 

115 pounds per cubic foot dry density and a moisture content of 

ten percent, the contaminated zone would extend 600 feet along 

the trench. 

' Based on this hypothetical assumption, the hole spacing for the 

initial characterization will be a maximum of 500 feet. 

Approximately 6,000 linear feet of pipe will be investigated in 

each of the three phases: Phase IA, IB, and IC The location of 

each phase is identified on Plate I, Original Process Waste Lines 

Sample Location Map. 

In Phase IA, initial locations of all holes are based upon the 

areas of known spills for the central hole, and 500-foot offsets 

as discussed above At least one soil sample will be taken in 

each spill area The tentative hole locations for Phase IA are 
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shown on Plate I. The final locations will be determined in the 

field based on nearby utillty and building interferences. 

Sample locations for Phases IB and IC will be determined after 

Phase IA is completed in order to determine the most effective 

sampling locations based on experience The total of 18,000 feet 

of pipe trench will result in a minimum of 12 soil samples for 

the initial characterization in each of the three phases. (Note: 

The 18,000 feet of trench is estimated to include approximately 

22,000 feet total length of pipe since some pipes are buried 

parallel to each other in the same trench.) 

5.2.2 Final Characterization 

5.2.2.1 Random Systematic Sampling 

Results of the initial soil sampling will be evaluated and 

compared to the Level I closure performance standards in Table 3- 

4 (Section 3.4.5.2 of the closure plan). The evaluation will 
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determine if further soil analysis will be conducted to define 

the lateral extent of contamination and to evaluate further 

actions. 

Phases I A  and IB - At locations where soil contamination meets 
the closure performance standard between successive sampling 

locations, i.e. is llcleanll, the following decision logic applies. 

For  Phases IA and IB, where known and suspected releases have 

occurred, additional sampling during the final characterization 

at intermediate locations along the pipe will be implemented. 

The samples will be taken near the bottom of the pipe in the same 

manner as the initial characterization. Intermediate sanplinq 

will reduce the effective sample spacing along the pipe to 

250 feet. 

I 

The reduced spacing will increase the statistical confidence 

level of locating a smaller zone of soil contamination The 

effort to locate smaller zones of contamination for Phases I A  and 
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IB is necessary since the area of these phases have an increased 

probability of being contaminated based on reported releases. 

At locations where indicator parameter concentrations fail to 

meet the closure performance levels in Table 3 - 4  (Closure Plan 

Section 3 . 4 . 5 . 2 ) ,  additional sampling will be conducted 

perpendicular to the pipe, and below the pipe, to determine the 

lateral and vertical extent of contamination. 

Additional soil samples will be obtained transverse to the pipe 

near each identified contaminated sample location. The samples 

will be spaced at minimum ten-foot intervals perpendicular to the 

pipe, moving ten feet from the initial contaminated sample. 
I 

I These ten-foot sample events will be progressively loczzed 

further from the pipe until "clean" conditions are encountered. 

A conceptual pattern of transverse sample spacing is shown on 

Figure 5-1. Additional longitudinal sampling along the pipe at 

100-foot intervals may be implemented to refine the estimazed 

length of soil contamination. This iterative sampling procedure 

will be conducted within the schedule time for each phase as 

discussed in Section 1.5.3 of the closure plan The tozal 
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available time for all sampling and testing in each phase is 

eight months. 

The contaminant migration path is assumed to be a downward 

percolation plume as shown on Figure 5-1. Therefore, samples 

will be taken at eight feet below the pipe, on each side of the 

pipe, to evaluate lateral contamination at depth. The average 

depth to bedrock over the OPWL is approximately 20 feet. Since 

the lines are three to five feet below the ground surface, the 

sample depth will be 11 to 13 feet deep. No additional sampling 

depths are necessary since the objective of the final 

characterization is to determine the lateral extent of 

contaminant migration. All samples will be taken above the 

ground water since contamination below the ground water will be 

addressed by ground-water corrective action. 

a 
I 

The final characterization will continue in progressive 

increments until the extent of contaminated soil has been 

identified at each location. 
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Phase IC - For Phase IC, no further sampling will be performed at 

locations where the indicator parameter concentrations are less 

I 

than the closure performance levels in Table 3 - 4  (Closure Plan 

Section 3.4.5.2) . 
I 

If locations of contaminated soil that exceed the closure 

performance levels are encountered, additional sampling will be 

implemented as discussed above for Phase IA  and IB areas. 

- 

5.2.2.2 Laboratory Analysis 

The soil samples will be analyzed for all of the indicator 

parameters discussed in Section 4.0 and summarized in Table 4-1 

of this site characterization plan. 

5.3 SamPlins Methodolosv 

This section presents a discussion of the sampling procedures 

The procedures are consistent with the CEARP phase 2: 
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Installation Generic Monitoring Plan (IGMP), Sampling Plan 

(Appendix 5 of the OPWL closure plan). 

During the initial characterization, soil samples will be 

collected 12 inches below the springline of the pipe. Soil 

samples will be obtained in the pit excavations using a sledge 

hammer to dive a split-spoon sampler to a depth of s i x  inches. 

Between pits, a truck mounted drill rig with continuous flight 

power auger will be used to obtain split-spoon drive samples from 

the bottom of an augered hole. a 

spoon sampler. 

Each soil sample 1 

During final characterization, soil samples will be obtained 

eight feet below (and on either side of) the pipe using a truck 

mounted drill rig with continuous flight power auger and a split- 

, and 

After 

each soil sample is withdrawn, the split spoon sampler w i l l  be 

brushed off to remove excess soil and decontaminated. The split 

spoon will be decontaminated by scrubbing with tap water and 
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detergent solution, rinsed with tap water, rinsed with methanol, 

and finally rinsed with distilled water. 

5.4 Samplins Eauipment 

The following list of equipment is anticipated for the actlvities 

outlined in this sampling plan: 

Instrumentation 

HNU photoionization detector 
FIDLER probe for direct radiation survey 

Protective EauiPment 

Tyvek suits 
box of inner gloves 
box of nitrile outer gloves  
ultra twin/canister mask 
organic vapor/dust cartridges or canisters 
r o l l s  of duct tape 
100-foot measuring tape 
boot covers 

SamPlina Eauipment 

logbook/waterproof ink pens/chain-of-custody sheets 
watch 
sample containers/labels 

8 oz. glass ]ars 
40 ml. VOA vials 
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1 liter cubitainers 
80 0 2 .  amber lugs  
120 ml. glass Jars 
4 oz. bottles 

bags vermiculite 
plastic bags 
rolls fiber tape 
Nalgene disposable filters 
boxes of garbage bags 
sets of cooler labels 
bags of ice 
coolers 
backhoe 
split spoon sampler 
sledgehammer 
polyethylene sheeting 
paper towels 
shovel 
plastic or metal scoops 
distilled water 
stainless steel buckets 
aluminum trays 
30 yds. disposable nylon rope 
stakes and flagging 
35 mm camera and film 

Eauipment for Decontamination 

wash bucket 
orchard sprayers 
box of l'alconoxlt 
box of sanitizer (mask) 
laboratory rinse bottles 
waste solvent container 
rinse bucket 
alkaline detergent 
b r u s h e s  
paper towels/plastic trash bags 
methanol 
tap water 
distilled water 
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6.0 SAMPLE CONTAINERS, PRESERVATION AND HOLD TIMES 

Protocols for sample containers, sample preservation, and hold 

times will conform to those specified in the U . S .  Department of 

Energy Comprehensive Environment Assessment and Response Program 

(CEARP) Phase 2: Installation Generic Monitoring Plan (IGMP) 

Sampling Plans and Quality Assurance/Quality Control Plans. The 

IGMP Sampling Plans and QA/QC Plans are presented in Appendices 5 

and 7 of the closure plan. 

, A comprehensive site specific Quality Assurance/Quality Control 
I 

Plan is being prepared by Rockwell International to address all 

remediation work at the plant site, including the closure 

activities f o r  the original process waste lines. The QA/QC 

document will be completed in January, 1989. 
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7.0 SAMPLE CONTROL AND DOCUMENTATION 

Procedures f o r  sample control and documentation will conform to 

those specified in the U . S .  Department of Energy Comprehensive 

Environmental Assessment and Response Program (CEARP) Phase 2 

Installation Generic Monitoring Plan (IGMP) Sampling Plans and 

Quality Assurance/Quality Control Plans in Appendices 5 and 7 of 

the original process waste lines (OPWL) closure plan. 

A comprehensive site specific Quality Assurance/Quality Control 

Plan is being prepared by Rockwell International to address all 

remediation work at the plant site, including the clostre 

activities for the original process waste lines. The QA/QC 

document will be completed in January, 1989. 

Field observations and other pertinent information pertaining zo  

sample collection will be recorded in bound field notebooks usi?g 

black ink. Notebooks will be assigned to field personnel. Each 

notebook will be identified by a Document Control Number. :?e 

cover of the notebook will contain the following information- 
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organization, book number, pro] ect name, start date, and end 

date. 

All samples will be collected and handled in accordance with the 

chain-of-custody procedures listed below: 

- Samples will be kept in the possession or sight of at 
least one sampling team member at all times, unless 
transferred to a secure, locked area. 

- A sample I.D. tag, including predesignated location 
I.D. and sample I . D .  will be affixed in the field. 

- Prior to relinquishing samples for packaging and 
shipment, one member of the sampling team will fill o u t  
a chain-of-custody record for all team members to sign. 

- If samples are stored temporarily prior to shipment, 
they will be kept cool and placed in a secured storage 
area. Coolers will be sealed and custody seals affixed 
lust prior to shipment. 

- If custody is transferred to the Shipping and Receiving 
Department at Rocky Flats Plant, the recipient :.ill 
sign the chain-of-custody form. 

- Shipping receipt f o r  shipment by courier should be 
retained and kept with one copy of the chain-of- 
custody form. 

In addition to written records, photographs will be taken as 

needed to further clarify sampling activities. The film roll 
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number and number of photographs taken at each sampling location 

will be noted. 
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8.0 SAMPLE HANDLING, TRANSPORT, AND STORAGE 

Procedures for sample handling, transport, and storage will 

conform to those specified in the U.S. Department of Energy 

Comprehensive Environmental Assessment and Response Program 

(CEARP) Phase 2 : Installation Generic Monitoring P l a n  (IGMP) 

Sampling Plans and Quality Assurance/Quality Control Plans in 

Appendices 5 and 7 of the orlglnal process waste lines (OPWL) 

closure plan. 

A comprehensive site specific Quality Assurance/Quality Control 
la  

Plan is being prepared by Rockwell International to address all 

remediation work at the plant site, including the closure 

activities f o r  the original process waste lines The QA/QC 

document will be completed in January, 1989. 
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9.0 SAMPLE PREPARATION AND ANALYSIS 

Procedures for sample preparation and analyses will conform to 

those specified in the U.S. Department of Energy Comprehensive 

Environmental Assessment and Response Program (CEARP) Phase 2 :  

Installation Generic Monitoring Plan (IGMP) Quality 

Assurance/Quality Control Plans in Appendix 7 of the original 

process waste lines (OPWL) closure plan. 

A comprehensive site specific Quality Assurance/Quality Control 

Plan is being prepared by Rockwell International to address all 

remediation work at the plant site, including the closure 

activities for the original process waste lines. The QA/QC 

document will be completed in January, 1989 
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10.0 HEALTH AND SAFETY PLAN 

Procedures for health and safety will conform to those specified 

in the U . S .  Department of Energy Comprehensive Environmental 

Assessment and Response Program (CEARP) Phase 2: Installation 

Generic Monitoring Plan (IGMP) Health and Safety Plan. The IGMP 

Health and Safety Plan is presented in Appendix 8 of the OPWL 

Closure Plan. 

A specific health and safety plan will be prepared at least two 

months before sampling begins and will be submitted to the 

Colorado Health Department for information. The Health and 

Safety Plan will also conform to the Rocky Flats Operational 

Safety Analysis (RFOSA) procedures, OSHA regulations, DOE orders 

and Rocky Flats Plant policies. 

All field personnel will thoroughly review the site safety plan, 

understand the safety considerations and establish emergency 

procedures prior to site entry. All personnel must be sublect to 

an active medical surveillance program and be authorized for use 

of respiratory protection. 
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Determination of appropriate level of protection should be made 

by surveillance with a HNU photoionization detector. Levels of 

protection criteria are summarized below: 

Level D e5 ppm above off-site ambient and nuisance 

Level C 5 ppm above off-site ambient 
Level B 5 ppm to 20 ppm 
Leave Site >20 ppm 

odors 

All measurements are to be in the breathing zone. 

clothing will be similar in nature to: 

hardhats, 
steel-toe boots, 
overboots, 
Tyvek suits, 
dust masks, and 
a i r-pur 1 f y ing respirators 

apparatus (optional) 

The intent of this equipment 

or 

1s 

self contained 

to provide a 

Protective 

breathing 

barrier to 

inhalation, ingestion and absorption of contaminated materials. 

Airborne contamination may require upgrading dust masks to air- 

purifying respirators or self-contained breathing apparatus. 
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Skin contact with waste materials is a 

and boot covers should be worn for 

Gloves (nitrile or better) should 

collection and handling. 
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11.0 9UALITY ASSURANCE/OUALITY CONTROL 

The protocol for quality assurance and quality control will 

conform to the U . S .  Department of Energy Comprehensive 

Environmental Assessment and Response Program (CEARP) Phase 2 :  

Installation Generic Monitoring Plan (IGMP) Quality Assurance/ 

Quality Control Plan in Appendix 7 of the original process waste 

lines (OPWL) closure plan. 

A comprehensive site specific Quality Assurance/Quallty Control 

Plan is being prepared by Rockwell International to address all 

remediation work at the plant site, including t h e  closure 

activities for the original process waste lines. The QA/QC 

document will be completed in January, 1989. 
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12.0 SCHEDULE 

The schedule for implementing this sampling plan is discussed in 

Section 1.5.3 of the original process waste lines (OPWL) closure 

plan. 

If required, because of changes in the closure plan, a revised 

s o i l  sampling plan will be developed and submitted to the CDH for 

their approval within 90 days after determining changes to the 

sampling plan are required. The revised soil sampling plan will 

be part of the revised closure plan. 
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QUALITY ASSURAIUCE/QUALITY CONTROL PLAY 

1 INTRODUCTIOY 

C E A R P  Phase 2 consists o f  C E A R P  Phase 23 Vonitoring Plan. 3nd C E A R P  

Phase 't: Site Chsractcriration (Remedia l  Investig3tion) This Quality Assuranct  

Quality Contro l  (QA/QC) Plan is one component o f  the Monitoring Pl3n f o r  Rock\ 

F la ts  Plant. T h e  Monitoring Plan typically consists o f  f ive parts: Synopsis, Sampl ing  

PI3n. T e c h n i c a l  Data Management Plan. Health and S a f e t y  Plan. a n d  Qual i ty  X s s u r -  

t n c e / Q u a l i t y  Control  Plan. Because o f  the  Compliance Agreement made by t h e  Statc 

O f  Colorado. Environmenca1 Protection Agency. and the DOE. t h i s  Monitoring Plan 

also includes a Feasibil l tv Studv Plan T h e  Svnopsis provides a discussion of t h c  

current  si tuation a n d  serves as 3n introduction to the other plans 

C E A R P  uses a three-tiered approach In preparing the monitoring p13ns. :he 

C E A R P  G e n e r i c  Monitoring Plan (CGMP) (DOE. 1986b). the Instal lat ion G e n e r i c  
Monitoring P lan  (IGMP), a n d  the S i te -Spec i f i c  Monitoring P!ans (SSMPs) The C G M P  

Q u a l i t y  Asturance/Qual l ty  Control (QA/QC) Plan provides the gener ic  guidelines and 

procedures that  will be employed dur ing  C E A R P  Phase 2 s i te  c h a r a c t e r i z t t ~ o n  
(remedial  investigation) to ensure the re l iab i l i ty  of data  collected a t  C E A R P  Sites. I t  

IS intended to establish a general quality assurance/quality control  policy and t O  pro- 

\ ide the  f r a m e w o r k  f o r  more specif ic  qual i ty  3ssurance;qualltv control  requirements  

t O  be employed a t  each installation a n d  a t  each  site Thls IGMP Qual i tv  Xssur -  

a n c c / Q u a i ~ t v  Contro l  Plan provides installation generic iq iormat ion  s n d  procedures 

whereas the S S W s  wii l  provide site-specific der311 r e g a r a ~ n g  loc3tions t pes 3-a 

number oi sampies 

- 

This IGMP is the Comprenensive Source  3nd Plume CSaractc:rzation Plan r c -  

There fore  the acronvm used to refer to t h l s  quired b y  the  Compl iance  Agreement 

plan is I G M P / C S P C P  

According  to DOE policy, D O E  ac t iv i t i es  shall maintain programs of q u a l l t v  

assurance (DOE O r d e r  5700.6B) I n  the a r e a  of environmental  protection. qual i tv  as -  

surance plans must be integrated w i t h  the DOE implementation of CERCLX (DOE 
Order 5480 14) 



CEARP Phasc 2b site ~ h a r a ~ f ~ r ~ z ~ x i o n s  (remedial  investtgatlons) u ill be lm- 

Plbfncnfed uslng procedures to 3ssure c h t  t h e  precision, 3cCur3CV. COmPletenCSS. a n d  
r : 3 r c s e n t a t 1 v e n e ~  of d j t j  3rc known and documented Af 3 minimum t h t s  W1l1 i n -  

blucfc 3dhercnce to the CEARP CGXtP IC,MP/CSPCP 3nd SSMP Qualrtv  Assur- 
’ nzc, Quality Control Plans, and m 3 y  i n d u d e  preparation of wrirren Qu3l1tv  Assur- 

JnX, Qualrty Control Plans covering each aspect  o f  the project Periormea 

This IGMP/CSPCP Q u a h t v  Assurancc /Quai i ty  Control Plan Presents the org3- 

n Izition. ObjCCtlVeS, funct iona l  activities. a n d  s p e c i f i c  quality assurance a n d  qual i ty  

Control activities astacratcd with the CEARP Phase Zb site c h a r a c f c r ~ f t t i o n s  ( remedia l  
The Q u a l l t y  Assurance/QuahtY Control  P13n 1s 

drstgncd to achieve  spccif lc  data qual i tv  goals for CEARP Phase ‘b s1te c h a r 3 c t e r i z a -  

r i m s  (remedial  1nvcsrig3rions) Agpcndlx A includes the qu3litv 3SSurance Protocols 

for i l l  laboratory services to be provided under CEARP Phase 25 Site c ? 3 r 3 C f e r i f t -  

1 ions (remedi31 investigations) 

estigtfions) at R o c k y  F la ts  Plant 

A brief descrlpuon of the CEARP Phase 2b site charac ter lz3 t lon  (remedial In- 
For a more in-depth back- vcs t igauon)  a n d  background c3n be fouad in  t h e  Synopsis 

ground description,  see the CEARP Phase I report 
- 



2. PROJECT ORGANIZATION AND RESPONSIBILITY 

ProJecr o r ~ a n i z 3 t i o n  and responsibility are divided 3rnong DOE. 10s Alamos 
y3tional Laboratorv. and Rock well International as described below Los AlamOS N 3 -  

trona1 Laboratory has the primary responsibility fo implement C E A R P  under rhc 
guidance of DOE-Albuquerque Operations Off ice  However. operational responsibili-  

ties have been assigned to Rockwell International at Rocky Flats  Plant for the S i t C  

~ h a r a c t e r i t a t ~ o n s  (remedial investigations) The DOE-Rocky Fiats  Plant A r e 3  Off iCC 

is responsible f o r  the function of the Rocky Flats Plant. Because o f  this rcsponsibil-  

Ity, the DOE-Rocky Flats PIant Area Office will provide additional  guidance t0  I ~ S  

contractor.  Rockwell International. i n  implementation of  the C E A R P  Phase 2b Sile 
characterizations (remedial investigations) 

Project organization is shown in Figure 2 1 The responsibilities of  the various 

Personnel can be divided into operational, laboratory, and qual i ty  assur3nce responsi- 

bilities. as follows 

-- 
2.1. OPERATIONAL RESPONSIBILITIES 

t Sccrct3rv for the Fn v i r o n r n a  The DOE Assistant Secret3ry f o r  the 

Environment appoints Headquarters investigation boards and establishes the SCOPC Of 

Headquarters investigations (DOE Order 5484 1) DOE-wrde Environmental  surve\ s 

and Audits originate from the Assistant Secretarv 

Environmental Survevc 2nd 4 u d u  Headquarters Environmental SUrvC\ 

1 e l m s  have been directed to conduct one-time environmental surve\s and sampling 01 

DOE f ~ ~ i l i f i e s .  These surveys are  independent of C E 4 R P  activit ies  at  R o c k v  Flats 

Plant .  but data from survey team sampling w i l l  be utilized i n  the C E A R P  character i -  

zation of R o c k y  Flats Plant VlsIted the 

R o c k v  Flats  Plant s ite in 1986 The results of the survev wi l l  be used as 3n internal  
management tool by the Secretary and Undersecretary o f  DOE 

- 

A Headquarters environmental survey 

Audits a r e  a function of the Off lce  of  the Assistant Secretarv for the Envi-  

ronment Audit  teams provide qualrty control for  the implementation of envlronmen- 

tal monitoring at  DOE facilities.  Although independent of  C E A R P ,  audit ~ 3 m s  corn- 
?lement C E A R P  activit ies  bv providing additional quality assur3ncc 



DOE-Albuaueraue  O~cr3r1ons  Office E 9 vlronme ntsl P r W s  B n n c h  The 

DOE-Albuquerque Opcntions Office.  Environmental  Programs B r a n c h ,  is responsible 
1 or oversectng 311 envlronmcntal programs w i t h i n  DOE-Albuquerque Operations and 
conducting speccal assessments such IS CEARP 

DOE-R ock v Flars A rea Officc The DOE R o c k y  Fiats Area O f f i c e  I S  responri- 

ble for  t h e  missions of the Rocky Flats Plant,  including cnvironment i l  protection 
Thc DOE R o c k y  Flats Area Off ice  oversees the integration of R o c k v  Fiats Plant re-  
sources with  CEARP activities at Rocky Flats Plant. 

Rock wejl InlernatlO naL Rockwell International.  3s prime contractor 10 DOE. 
probides support to  DOE i n  3ccomplishing the mission of  R o c k y  Flats Plant. including 
environmcnt i l  protecrion Rockwell International w i l l  p e r f o r m  the  CEARP Phase 2b 
Sile c h a r i c t c r i z a t i o n s  (remedial investigations) a t  R o c k y  F l a t s  Plant 

L os Alamos Yst lona i  Labo r a ro ry  Los Alamos Nat ional  Laborarorv manages 
1 he CEARP program. providing direction. oversight a n d  rev iew,  a n d  preparing f i n a l  
reoorts 

-- 
2 2. ANALYTICAL LABORATORY RESPONSIBILITIES 

Analyt ica l  laboratory responsibilities include per forming  ana lyt i ca l  Services. 
3nd providing qual i ty  assurance Rockwell International  wi l l  p e r f o r m  the CEARP 

Phase 2b Site characterizations (remedial investigations) a t  Rockv Fla ts  Plant. This 

Ic~1p/CS?CP provides guidance for quality assurance programs to  be implemented b v  

- f i e ld  laboratory o p e r a r ~ o n s  
- analvrical  laboratories 
- gcotechnical  laboratories - radiological  laboratories 

1 3  Q A  RESPONSIBILITY 

Qual i ty  assurance responsibilitlet are to monitor a n d  review the grocedures 
Jsed to pe:form all aspects o f  site characterizations ( remedia l  ~ n v e s r ~ g a t i o n s ) ,  includ- 

ing data  collection,  analvticai  services, data analysis. a n d  report pre?arations Prl-  

marY responslbrlity for PRIJCCK qualrtv rests w l t h  the Rockwell In ternat iona l  CEARP 

Manager Ult imate  responsibilitv f o r  PrOJCCt q u a l i t v  rests w i t h  DOE 

I 

i 



i OOE 1 

L O S  ALAMOS ROCKY F L A T S  
AREA OFF iCE  NATIONAL L A B O R A T O R Y  

ASSISTANT I S E C R E T A R Y  FOR 

DOE I 

ENVIAONMEHT 

ENVIRONMENTAL 

r 

I OPERATIONS 0 FFlCE 

f &* - 

CEARP 
MANAGER 

ROCK W ELL 
INTERNATIONAL 

4 

I QUALITY 
ASSURANCE 

OFFICER 

I I 
I 7 I 

SUBCONTRACTOR LAISORATORIES 
QUALITY 

ASSURANCE 
0 F FCER 

QUALITY QUALITY 
A3SURANCE ASSURANCE 

0 PFiC E R OFFICERS - 
Figure 2 1 Quality Assurancc/Quallty Control Otganiz3tion Chart  



I 3. QUALITY ASSURANCE OBJECTIVES FOR M&ASUREStEST DATA 

The over311 qualitv issurance objective I S  10 develop and trnplement procedures 
I or frcld sampling,  field testing. chain o f  custody. h b o r a t o r v  analvsis. and repor t ing  
that will  assure qualitv 3s specified i n  DOE orders governing qualitv ~ s s u r a n c f  and 
environment31 protection Specif ic procedures 10 be used for sampling, chainsf -sus-  

tody. audits. preventive maintenance, and correc t ive  actions a r e  descrrbed in other 

sections OC this IGMP Quality Assurance/Qualitv Control Plan. The purpose of this 
section is to d e f i n e  quality assurance goals for 3ccuracv.  precision and sensitivrt! of 

analysis. and completeness, representativeness, a n d  compara b i l i t y  of measurement d3t3  

f Tom a l l  a n a l y t i c a l  laboratories Quality assurance objectives for f ieid measurements 
are  also discussed 

For some field activities. samples wtil not be collecred, b u t  m e ~ s u r e m e n t t  w i l l  

be taken  where qual i ty  assurance concerns a r e  appropriate (e  g . f i e ld  measurements oT 
pH. temperature,  3 n d  elevations) The primary quality assurance o b j e c t ~ v e  in activi-  

ties where  samples are  not collected is to obta in  regroducibie measurerrxnts to a de- 

gree of a c c u r a c y  consistent with their  intendcd use a n d  to document measurement 
procedures. 

3.1. R E G U L A T O R Y  AND LEGAL REQUIREMENTS 

Data used to evaluate compliance wi th  the National Interim Prirnarv D r i n k i n g  
Water S tandards  S ta te  of Colorado water-quality srandards or water-qualitv Criteria 

for agr icu l tura l  o r  industrial use w i l l  have method dcrec:ion limits 3 s  spec:fied bv the 

2nalvtical method used. as appropriate 

3 2. LEVEL OF QUALITY ASSURANCE E F F O R T  

Fieid duplicates, field blanks, and tr ip blanks w ~ l l  be taken and submitted t o  

the a n a l y t i c a l  laboratories to provide 3 means t o  assess data quallty resulting f r o m  
field sampling Duplicate samples w d l  be analyzed to check for sampling repro- 

duc ib i l i ty  Field a n d  trip blanks w i l l  be analyzed to check for procedural c o n t a m l n 3 -  

tion a n d / o r  ambient  si te  conditions that a r e  causing sample contamination.  Trip 

blanks will be analvzed to check  for contammat ion  durlng packaging and shipment 



BcCause volrtrle organlc compounds t r e  3 chss of cont3min3nts most l ikeiv to be in-  
troduced to the sample bv t h e  sample container.  there will  be one t r ip  blank per b 3 t c h  

01 samoler dcsagnatcd for volatile organic  compound analysis  (shipping cont3 iner )  
There wil l  be one dupiicate and one field blank f o r  everv LO investigative samptes 

~ d l l e c t e d  For laboratory organic  analysis. matrix spikes 3nd matrix spike  duplic3tcs 
*ill be used The general levci of quality assurance e f f o r t  f o r  organic  analysis  * i l l  

bc one m m i x  spike and one matrix spike duplicate prepared f o r  cverv 20 samples of 
similar Concentration and/or similar  sample matrix,  whichever is greater In addition 

to Ireld check samples, water samples of  known concentration traceable to e i ther  EPA 
or UBS standards wil l  be prepared for inorganic a n d  radiological analvses The gen- 

c ra l  level of quality assurance e f f o r t  f o r  inorganic analyses wvril be one duulicate 
k n o w n  sample and one d u p l r c ~ t e  f ield sample for everv 10 investigative s3mples to 

check analytical reptoducibilitv 

soil samples selected for geotechnical  testing wi l l  inciude o n e  fteld duplicare 

f o r  each 20 analyses being performed. if possible, but w i l l  not include blanks. 

The groundwater, surface water, and soil samples collected at R o c k v  Flats 
Plant durrng CEARP Phase 2 w i l l  be ana lyzed  usine the analyt i ca l  methods specified 

in Tables 3.1, 3 2, j 3, and 3 4 The level of laboratory qual i ty  assurance effort  will  

correspond to the procedures outl ined in Appendix A. 

I 

0 
3 3. ACCURACY, PRECISION, AND SENSITIVITY OF A N A L Y S E S  

The fundamental qual i tv  assurance ObjeCtiVe w i t h  respect to  3ccuracv.  pre- 
;ision a n d  sensitivity of laboratorv ana ivt i ca i  data is I O  acn ieve  the c u 3 i i t v  czntrol  

2sceDtance criteria oi the ana lvt i ca l  protocols Sensit ivit ies  required fcr analvses Of 
radionuclides, organics, metals. a n d  other inorganic compounds. i n  both squeous a n d  

solid matrices w i l l  be the detection limits shown in Tables  3 1 ,  2 2. 3 3 i 4, j 5 3nd 
Achieving these derecrion l imits  depends on t h e  sample matrix Highlv contami-  6 

nated samples requiring dilution w i l l  have detection l imits  higher than those detected 

T h e  accuracy o f  f ield laboratory measurements o f  groundwatt:  a n d  surface 

water P H  wil l  be assessed through Ore-measurement ca l ibra t ions  a n d  post-measurement 
verifications using at  least two standard buf fer  solutions The two m e ~ s u r e m e n f s  

musf each be within +005 standard u n ~ t s  of  b u f f e r  solution values Precision wrll be 



assessed through replicate measurements of every tenth sample. The standard dc- 

vmtaon of four repixate messurements must be iess than or equal to 0 I standard 

units (The cfectrode will  be withdrawn deionired-rinsed 3nd re-immersed betwccn 

c x h  rcplicate. The callbration and v c r i i ~ a t i o n  w i l l  be done before the first rcpli- 

cate and after the last rep l l c j t e )  The tnstrurnent used w i l l  be capable of provrding 

meisurcments to 0 0 1 standard unlts 

The gcotechnicai 3nd field data w i l l  be considered accurafe if the quality as- 

sur3nce criteria with respect to equipment, solutions. and calculations are met. 2nd t f  

adherence to appropriate methods can be documented during a systems audit 

3 4- COMPLETENESS. REPRESENTATIVENESS X b D  COSIPARABILITY 

The I3boratories w t l l  provide data meeting quaii tv  ccntrol acceptance c r i t e r i l  

as described in  Appendix A L3boratories w i i i  provide complctelv valid data 

(IGMP/CSPCP QA/QC Plan, Section 8). the r e a s o n s  for any  variances from 100 per- 

cent completeness will be documented in wr i t ing  

-- 
3.5. FIELD hlEASUREblENTS 

Measurement data w ~ l l  be generated in many f ield activities These activities 

may include, b u t  are  not limited to, the following 

- using geophvsical surveys 

- documenting time and weather conditions 

- loc3ting 3nd dercrmtning the elevation of sampling  titi ions 

- messur ing  pH. conductlvitv, and temper3turc of w a t e r  samples 

- Qualitative organic vapor screening o f  solid s a m p l e s  usin3 i pho- 
toionization detector (PID) or an organic vapor a n a i h  t e r  (OVA) 

- measuring water levels in a borehole o r  well 

- standard penetration testing 

- calculating pumplng rates 

- verifying weil-development and prcsampting purge oiumes 

- p e r f o r m i n g  hvdraulic conductlvitv I C S I S  



T h e  general quailty assurance Objective for such measurement data IS to obtain  

rcproduclble and comparjble measurements to a degree o f  accuracy consistent with 

thc lntended use of  the data through the documented use of standardized procedures 

Procedures for performing these i c t i v i t i c s  and standardized formats for  documenting 
rhcm arc  Dresented 1n the CGMP 3nd IGMP/CSPCP Sampling Plans These procedures 

may be incorporated bv reference (EPA methods) or included as appendices St3n- 

dsrdized formats for documenting data collection are  included in the Technical  Dat3 

Management Plan 

ROCKY FLATS P U T  lCMP/CSPCP D r d t  F e b r u y  I987 (Raririon 1) CA/QC P'm Section 3 P*Ce 4 
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American Public Health Association, American Water Works Association, U i t e r  
Pollution Control Federation,  1985 Standard Methods f o r  the Examination 01 
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L3s Vegas. Nevada. 1979 

“Procedures f o r  the Isolation o f  A l p h a  Spectrometrical lv Pure  Plutonium. c r 3 -  
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ATTACHMENT 2 

Lower Limits of Detection 

The detection limits presented were  calculated using the formula i n  \ R C 
Rcgulatorx Guide 414.  Appendix Lower Limit  01 Dcrtction, pg. 21 a n d  fo l low 

I / 2  
LLD - 4 66 BKG 

DUR 

(2.22) (Eff) (CR) (SR) (e -x t )  (Aliq), 

L L D  = 
BKG = 
DUR = 
E f f  = 
CR = 
SR = 
x = 
t r 

Lower  Limit of  Detection in pCi per sample unit 
instrument Background i n  counts per minute (cpm) 
Duration o f  sample counting i n  minutes 
Counting e f f i c i e n c y  i n  cpm/disintegr;lrion per minute Idpm) 
Frac t iona l  radiochcmical yield 
Frac t iona l  radiochemical yield o f  a known solution 
The radioactive decay constant f o r  the particular radionuciide 
the eiapscd time between sample collection and counting 

In that  LLD IS a funct ion  o f  many variables-rncfuding sample matrix,  sample 
volume, and other  factors. the limits presented are  only intended a s  guides to  o r a e r -  
of-magnitude s~nsiti~tties and, in practice,  c3n  easily change bv a f a c t o r  o f  two or 
more even f o r  the  conditions specified. 
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ATTACHMENT I 

Method References 

I 

. - 

3 

6 

7 

a 8 

9 

10 

11 

12 

U S. Envtronrnent~l  Protection Agencv, 1979. Radiochem1c31 X n 3 l v t i c ~ i  Proccdurcs 
for Aniivsis o f  Environment31 Samples. Report No EMSL-LY-0539- 1, Lis Vegzs. 
NV. U S Environmental Protection hgencv 

American Pubiic Health Association, American Water Works Association. Water 
Pollution Control Federation. 1983 Standard Methods f o r  the Examination 01 
Water and Wastewater. 16th ed., Washington, D C ,  Am Public Health Associarion 

U S  Environmental Protection Agency, 1976 Interim Radiochemic31 Methodolog? 
f o r  Drinking Water. Report No EPA-600/4-75-008 Cincinnati  U S Environmen- 
tal Protection Agencv 

Harley, J H. ed.  1975, H A S L  Procedures Manual, HASL-;OO. Washington D C 
U S. Energy Rese3rch and Development Administration 

Misaqi. F3zlelleh L . .Monitoring Radon-222 Content of Mine Waters Informstion31 
Report 1026. US Department of  interior, ,Mining Enforcement and Safety  h d -  
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196. 

-- 
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ATTACHMENT 2 

Lower Limits of Detection 

The defection lirnlts presented were calculated using the formula i n  V R C 
Rcgulatorv Guide 4 14 Appenaix Lower Limit of Dctecxion pg 21. a n d  fo l low 

I /z 
LLD - 4 66 BKG 

D U R  

(2  22) (Eff) (CR) (SR) ( C - X ~ )  (AiJq) .  

L L D  
BKG 
DUR 
ETf 
CR 
SR 

t 
K 

Lower  L i m i t  of Detection in pCi per ssmple u n l t  
Instrument Background i n  counts per minute (cprn) 
Duration of sample counting i n  minutes 
Counting e f  f iciencv in cpm/disintegration per minute (dpm)  
Fractional radiochemicai y ieid 
Frac t iona l  radiochemical vield of a known solution 
T h e  radioactive decay  constant for the par t i cu lar  radionuclide 
the elapsed time between sample collection and count ing  

-- 
In that LLD is a function o f  many variables inciuding sample  matrix. sample 

\*olume. a n d  other  factors, the limits presented a r e  only  intended as guides to order- 
ot-magnitude sensit ivit ies  and,  In practice,  can easily c h a n g e  by a factor of  two or 
more even for the conditions specif ied 

a I 



Table 3 5 Hazardous Substance List (HSL) and Contract  Required I 

Detection Limits (CRDL)"  

I Chloromczh~ne 
2 Bromomethsne 
3 Vrnyl Chloride 
4 Chloroethanc 
5 Methylene Chloride 

6 Acerone 
7 Carbon Disulfide 
8 1.1-Dichloroethene 
9 1.1-Dichloroethane 
10 trans- 1.2-Dichloroethene 

1 1  Chloroform 
12. 1.2-Dichloroethane 
13 2-Butanone 
14 1.1.1-Trichioroerhanc 
I5 Carbon Tetrachloride 

16. Vinyl Acetate 
I7 Bromodichloromerhane 
18 1,1,2,2-Tetrachloroethane 
19 1.2-Dichloropropane 
20 trans- 1,3-Dichloropropene 

21 Trichloroerhene 
22 Dibromochlorometh~ne 
23 1,I , t -Trichloroechane 
'14 Benzene 
25 cis- 1,3-Dichloroptopeac 

26 2-Chloroethvl Vlnvl  Ether 
27 Bromoform 
28 2-Hexanone 
29 4-Me t h y 1-2 -pen tan0 ne 
30 Tetrachloroethene 

31 Toluene 
32 Chlorobenzene 
33 Ethyl Benzene 
34 Styrene 
35 Total  Xylenes 

CAS h u m b e r  

74-8 7- j 
74-83-9 
75-0 1-4 
75-00-3 
75-09-2 

67-64- 1 
75- 15-0 I 
75-35-4 
75-35-3 
156-60-5 

67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-5 

108-05-4 
75-27-4 
79-34-5 
78-87-5 
10006 1-02-6 

79-0 1-6 
124-48- 1 
79-00-5 
7 1-43-2 
1006 1-0 1-5 

110-75-8 
75-25-2 
591-78-6 
108-1 0- 1 
127- 18-4 

108-88-3 
108-90-7 
100-4 1 -4 
100-42-5 
100-42-5 

10 
IO 
10 
10 
6 

10 
5 
5 
5 
5 

5 
5 

10 
5 
5 

IO 
5 
5 
5 
5 

- 

10 
5 
10 
10 
5 

5 
5 
5 
5 
5 

Low Sot1 Sedirncnr' 
u e / K p  

( 0  
10 
10 
10 
5 

IO 
5 
5 
5 
5 

5 
5 

10 
5 
5 

10 
5 
5 
5 
5 

10 
5 
10 
10 
5 

I 



Table 3 5 (Continued) 

Detection Limits.  
Low W ? i c r ’  Low SoiliScdimen[ d 

UQ! L ‘JQ’KP e Semi-Volatrlcs CAS  Vumber 

10 330 
IO j 30 
10 3 30 
10 330  
10 3 30 

j 6 V - N I f rosodr mcth v la mi ne 
57 Phenol 
58 Aniline 
j9 brs(2-Chloroethyl) ether 
40 ’-Chlorophenol 

62-75-9 
108-95-2 
62-53-3 
1 1  1-44-4 
95-57-8 

10 
10 
IO 
10 
10 

330 
3 30 
330 
330 
3 20 

J I 1.2-Dichlorobenzene 
J2 1.4-Dichlorobenzene 
43 Benzyl Alcohol 
14 1 2-Dlchlorobenzenc 
JS 2-Methylphcaol 

54 1-73- 1 
106-46-7 
100-5 1-6 
95-50- 1 
9 5-4 8-7 

16 brs(2-Chloroisopropvl 

1 7  4-Methylphenol 
48 N-Nltroso-Dlpropylamine 
49 Hexachloroethane 
50 Nitrobenzene 

ether 10 3 30 
IO 330 
10 350 
10 330 
10 3 30 

29638-3 2-9 
106-44-5 
62 1-64-7 
67-72- 1 
98-95-3 

10 330 
10 330 
10 330 
50 1600 

-- 5 1 Isophorone 
5 2  2-Nitrophenol 
53 2,4-Dtrnethvlphenol 
54 Benzoic Acid 

’ 55 bis(2-Chloroethoxy) 
methane 

I 
78-59- 1 
88-75-5 
105-67-9 
65-85-0 

1 1  1-91-1 10 3 20 

56 2.4-Dichlorophenol 
5 7 1,7.4-Trichlorobenzene 

59 4-Chloroan1line 
50 Hcxachlorobutadlenc 

I 58 Naphthalene 

120-83-2 
120-82- 1 
91-20-1 
106-47-8 
87-68-3  

10 3 30 
10 3 30 
10 330 
10 3 30 
IO 3 30 

6 1 4-Chloro-3-mcthylphcnol 
( par a -c h loro-me ta-creso I )  

6 2 2 -Met h y 1 nap h thalcne 
63 Hexachlorocyciopentadiene 
61 2,J.6-Trrchloropheno1 
55 Z,J,S-TrichlorophenoI 

59-50-7 
9 1-57-6 
77-47-4 
88-06-2 
95-95-4 

10 3 30 
10 3 30 
10 330 
10 3 3 0  
5 0  1600 

66 2-Chloronaphthalene 
67 2-Nrtroanihne 
68 Dimethvl Phthalate 
69 Acenaphrhvlene 
70 3-Nitroaniline 

9 1-58-7 
8 8- 7 4-4 
131-1 1-3 
208-96-8 
99-09-2 

10 330 
50 1600 
10 3 30 
10 330 
50 1600 

a 



Table 3 5 (Continued) 

7 1 Accnaphthcne 
7 2  2.4- D~ni t rophenol  
73. 4-Nttrophcnol 
7 4  Dtbenrofuran  
75 2.4-Dinitrotoluenc 

76 2.6-Dinitrotulucnc 
77  Dlcth y l pht  ha la te 
78 4-Chlorophenyl Phcn) 1 

ether  
7 9  F luorene  
8 0  4 - N ~ t r o a n 1 l i n c  

8 1 4,6-Dinirro-2-rnethvl- 

82 N - n ~ t r o s o d ~ p h e n y l a r n i n e  
83 4-Bromophcnyl Phenyl 

8 4  Hcxachlorobentene  
8 5  Pentachloropphenol 

phenol 

e ther  

8 6  Phenanthrene  
87 Anthracene  
88. D1-n-butylphthalarc 
8 9  F luoranthene  
90 Benzidine 

91 Pyrene 
9 2  Burvl Benzvi 

Phtha la te  
93 3, j ' -D1chloroocnzidine 
9 4  Ben zo( a )a n 1 h race ne 

phthalate 
9 5  his( 2 - ~ t h y l h e x v I )  

C A S  \umber 

8 3- 3 2-9 
5 1-28-5 
100-02-7 
132-64-9 
121- 14-2 

606-20-2 
84-66-2 

7005- 7 1 - 3 
86-73-7 
1 00-0 1 -6 

534-52-1 
86-30-6 

IO 1-55-3 
1 18-74- ! 
87-86-5 

85-0 1-8 
120- 1 i - 7  
84-74-2 
206-44-0 
92-87-5 

129-00-0 

85-68-7 
91-94-1 
56-55-3 

117-81-7 

96 Chryseae  
9 7  D1-n-octyl Phthala te  
9 8  Benzo(b)fluoranthene 
99 Benro(k)f luoranrhene 
100 Bcnzo(a)pyrene 
101 Indeno( 1.2.;-cd)pyrene 
1 02. DI bent (  a ,  h )a n t h r a c c n e  
103 Benzo(g.h.i)pervlene 

218-0 1-9 
1 17-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
I9 1-24-2 

-- 

L o w  W 3 t e r '  
UP/ L 

I O  
50 
50 
IO 
I O  

10 
10 

10 
10 
50 

so 
10 

10 
10 
50 

10 
10 

10 
50 

10 

IO 
20 
IO 

10 

10 
10 
IO 
10 
10 
10 
10 
10 

10 

ue Ke 

530 
1600 
1600 
330  
530 

3 30 
3 30 

3 30 
3 3 0  

1600 

1600 
2 30 

3 30 
i30 

1600 

3 30 
330 
3 3 0  
530 

1600 

330 

530 
6 6 0  
330 

3 30 
330 
3 30 
3 2 0  
3 3 0  
3 30 
3 30 
3 30 



Table 3 5 (Continued) 
( 1  

r Detection L imits. 
J ow U'3rer' L o w  Soil/Scdr mcnr 

Pcsticrdes CAS PJurnbc r UP? L UP/KP 

1OJ alpha-BHC 
IO5 beta-BHC 

I06 delta-BHC 
103 gamma-BHC (Lindane) 
I08 Heptachlor 
109 Aldrin 
I10 Heptachlor Epoxide 

1 1 1  Endosulfan I 
112. Dieldrin 

I 1 4  Endrin 
I15 Endosulfan I 1  

I 1 3  4,4'-DOE 

I16 4.4'-DDD 
I17 Endrin Aldehyde 
118 Endosulfan Sulfate 

I20 Endrin Ketone 
I19 4,4-'DDT 

12 I Methoxychlor 0 122 Chlordane 
I23 Toxaphene 

I 124 AROCLOR-1016 
125 AROCLOR- I22 1 

126 AROCLOR- 1232 
I27 AROCLOR- 1242 
I28 AROCLOR- 1248 
129 AROCLOR- I254 
150 AROCLOR- 1260 

3 19-84-6 
319-85-7 

3 19-86-8 
58-89-9 

309-00-2 
1024-57-3 

76-44 -8 

959-98.8 
60-57- I 
72-55-9 
72-20-8 
332 13-65-9 

72-54-8 
742 1-93-4 
103 1-07-8 
50-29-3 
53494-70-5 

72-43-5 
57-74-9 
8001-35-2 
12674- I 1-2 
1 1104-28-2 

1 1141-16-S 
53469-21-9 
12672-29-6 
I 1097-69- I 
11096-82-5 

0 05 
0 05 

0 os 
0 05 
0 os 
0 os 
0 os 

0 05 
0 10 
0 10 
0 10 
0 10 

0 10 
0.10 
0 10 
0 10 

-- 010  

os  
0 5  
1 0  
0 5  
0 5  

0 5  
0 5  
0 5  
10 
10  

8 0  
8 0  

80 

80 
80 
80 

a o  

a o  
16 0 
16 0 
16 0 
I6 0 

16 0 
16 0 
16 0 
16 0 
16.0 

ao o 
80.0 
160 0 
80 0 
80 0 

80 0 
80 0 
80 0 
160 0 
160 0 

Vcdium Water Contract Required Detection Limits (CRDL) for Volatile HSL 
Compounds are 100 times the individual Low Water C R D L  

bClediurn Soil/Sedimeat Contract Required Detection Limits  (CRDL)  for  Volatile 
HSL Compounds arc  100 times the rndiv~dual Low Soil/Scdimcnt CRDL. 

CMedtum Water Contract Required Detection Limlts (CRDL) for  Semi-Volatile HSL 
Compounds are 100 timet the individual Low Water CRDL 

dVedium SoillSedirncnt Contract Required Detection Limits (CRDL)  for Semi- 
Volatile HSL Compounds are 60 times the individual Low Soll/Sediment C R D L  

3 



Table 3 5 (Continued) 

eVedrurn Water Contract  Required Detection Limits  (CRDL) for Pesticide HSL 

'\icdium Sori/Sediment Contrsct  Required Detection Limits (CRDL) f o r  Pesticide 
Compounds arc  100 times the individual  L o w  Water CRDL 

HSL compounds ire 60 times the individual Low Soil/Sedimenr CRDL 

'Detection limits listed for soil/sediment 3rc based on wet weight The dcrccrion I i m i r j  

calculated by the laboratory for soiI/sediment. calculated on dry w e i g h t  bass .  3s 
required by the contract.  w i l l  be higher 

detection limits are h i g h l y  matrix dependent. The detection limits listed herein 3rc 
provided for guidance and may not always be achievable 

.*These a r e  the EPA detection limits under the Contract  Laboratorv  Program Specit I C  



Table  2 6 Elements Determined by Inductivelv Coupled 
Plasma Emission or Atomic Absorption Spectroscopy 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cad mi um 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Ma gnes i urn 
Man ga nesc 
Mer cu r y 
Nickel 
Potassi um 
Selenium 
Silver 
Sodium 
Thallium 

Vanadium 
Zinc 

Cesium 
Mol v bd e n u m 
Strontium 

-- 

Contract Required 
Detection Levcl' ' 

(ue./L) 

200 
60 
10 

200 
5 
5 

5000 
10 
50 
25 
I00 

5 
5000 

15 
0 2  
40 

5000 
5 

10 
5000 

10 

50 
:0 

'00 
A 0  

'QO 

Cyanide 10 

Lote 
3bove w i t h  concenrration uni t s  of mg/kg 

'Higher detection levels mav also be used 
in the fol lowing circumstances. 

Detection limits in soil/sediment arc numcr1c3llv equivalent to those ' sted 

If the sample concentration exceeds two times the detection limit of the instrument 
o r  method in use, the value may be reported even though the instrument or -nethod 
detection limit may not equal the contract required detection limit 
IS illustrated i n  the example below- 

This  



Table 3 6 (Continued) 

For lead 

Uethod in  use - ICP 
Instrument Detection L imi t  (IDL) - JO 
Sample C o n c e n t r j t i o n  = 85 
Contract Required  Detection Limit (CRDL) = 5 

The value o f  85 may be reported even though instrument derecrion limit is greater 
t h s n  required detection level 
documented. 

'These CRDL a r e  the instrument detection limits obtained In pure water 
mer using the procedure in E x h i b i t  E. The detection l imits  for samples ma\' be 
considerably higher depending on the sample mitr ix  

T h e  instrument or  method detection l imit  must be 

1 



4 SAMPLING PROCEDURES I 

Procedures for collecting samples and for performing 311 related fleld 2ctIf I -  

ries a r t  described i n  detai l  in Appendix A of the IGb'lP/'CSPCP Sampling Pl2n A d -  

herence to these procedures will  be confirmed bv the CEARP Q u a l i t v  Assur-Jnc.: OI- 
ftcers (Rockwell International and subcontractor) bv qu3litv 3ssur3ncc 3ud1ts 



5. SAMPLE CUSTODY 

CEARP field custody procedures are  described i n  Section 7 2  of thc 

IGhIP,'CSPCP Sampl~ng Plan Laboratory susrodv procedures ior tnc anslvtica! I3bO- 

ratories sre  described in Appendix A 



6. CALIBRATION PROCEDURES A N D  FREQUEYCY 

Standard commercial calibration procedures wil l  be used bv the anal\  t ical  13 I;- 

Oratories. as spec i f ied  in Appendix A 

Cal ibra t ion  of  equipment used to per form geotechnical resting w i l l  be i n  a<- 

cordancc  wi th  that  specified in the ASTM Method D 422-63 for hydrometer and sie\c 
analyses (Annual Book of ASTM Standards. Volume 04 08. 1984) T h e  equipment c a l l -  

brations. including those for ovens, thermometers and balances. shall  be done at a 

minimum o f  every  s i x  months and prior to large scale testing 

Field instruments w i l l  be calibrated according to procedures presented in  Ap- 

pendixes A a n d  8 of the IGMP/CSPCP Sampling Plan A ca l ibra t ion  log book w i l l  bc 

assigned to each  f i e l d  instrument. and all  ca l ibra t ions  w i l l  be documented i n  the log  

b o o k  



7. ANALYTICAL PROCEDURES 

Laboratory analyses will follow methods described i n  Tables 3 1 :2. 33. and 
3 4 Devtation f r o m  those methods, if' required. wil l  be presented i n  the SShlPs 

-- 



8. D A T A  REDUCTION. VALIDATION, A S D  REPORTTYG 

Anal\tic3l Iabor3torics  w i l l  provide results to the RocLwell  In ternat loni l  

CEARP W n a g e r .  t h e  Subcontr3c tor  Project Manager. 3nd Q u a l i t v  Assurance Officcrs 

These d3t3 will inc lude  results and documentation for blanks a n d  duplicates. m3tr i\  

spikes. 3nd forms summariz ing  analytical precision a n d  a c c u r a c v  

Analyt i ca l  data.  including quality control sample analysis.  will be entered into 

the t e c h a ~ c ~ i  data base The analvscs will be grouped into lots. with  qualitv contrc l  
samples sssociated w i t h  a particular lot. The analyses of qual i tv  control  samples u 1 1 1  

be compared to theore t i ca l  known concentrations of those s3mples If analvses do  ncr 

meet acceptance  c r i ter ia .  the analytical  laboratory may be asked t o  re-3nai\te rhc 

s3mples for parameters  w h i c h  do not exceed holding times Analvses w h i c h  cannot 

meet acccpt3nce  c r i t e r i a .  w i l l  be labelled as unacccptsbie.  A l l  pararnetcr-specif ic  val-  

ues for a lot in w h i c h  the q u a h t v  control analyses d i d  not meet acceptance  crxteri3. 

w i l l  be removed f r o m  the  technica l  data base. 

Acceptance  c r i t e r i a  lo r  analyses of  parameters for q u a l i t y  control samples 

(knowns) w i l l  be based on the theoretical known value furnished  by the laboratorv 

that  prepared t h e  s a m p l e  T h e  theoretical  known va lue  is s ta ted  as a rznge ai values 

T h e  analysis  of the sample  must be within the stated range o f  the theoretical  known 

plus or minus 10% o f  the range  A n  exception is analyses a t  or near  the limit o f  dc-  
tection If  the lower limit o f  the range of the theoretical  k n o w n  value is less than 

twice the l imit  of detecr ion ,  an  acceptable analysis includes .he -3n9e from the l imlt 

of detecrion to  the upper l imit  o f  the theorerical range, plus 10% 

Analyt i ca l  repor ts  f r o m  a f ieid laboratorv, if used a n d  the geotechnic i l  Iabo- 

ratory will  inc lude  a l l  r a w  d a t a ,  documentation o f  reduction methods. 3rd rehted  

quality a s s u r a n c e f q u a l ~ t y  control  data. These data will be assessed by ver i f i ca t ion  01 

reduction results a n d  conf i rmat ion  of compiiancc with  qualirv assurancc /qus l i tv  con- 

trol requirements 

R a w  data  f r o m  field measurements a n d  sample c o l l e t t l o n  ac t iv i t i es  used in 

PrOJeCt reports w i l l  be appropriately identif ied Where data  have been reduced or  
summarized, the method of reduction w i l l  be documented 



The Quailty Assurance Officers will review results of Qualitv Control-acccp- 

uncc evaluations and w ~ l l  document acceptmce or non-acceptance of data The Qual- 

I[\ Assurance Offlccrs w ~ l l  maintain records of quality ~0ntrol-3cceptince tests 
Thcse records w ~ l l  be subject IO independent audit. which m 3 ~  l?c!ude Lcs Xlamos  

Y 3 r i o m l  La boritory 



9. INTERNAL Q U A L I T Y  C O N T R O L  PROCEDURES 

Internal  q u a l i t y  control procedures for the Iaboratorv are those specified in 

ADpendlr A These s g e c t f i c u i o n s  include t\pes of audits  required (e g . samptc 

spihcs. surrogate spikes. reference samples. controls. and blanks). f requencv  o f  a u d i t s  

compounds KO be used for  sample spikes 3nd surrogate spikes a n d  qual t tv  control 35- 

ceptance  criteria lor  audits 

The q u a l i t y  control  checks 3nd acccprance for data f r o m  3 f i e l d  Iaborator\ i f  

used. a n d  the geotechnical  laboratory 3rc described above i n  Sections 3 2 and 3 5 

Qual i ty  conrrol  procedures for f ield measurements (pH. conduct iv i ty ,  a n d  tempera-  

ture) are l imited to checking the reproducibility o f  the measurement in the f i e l d  b\ 

obta in ing  multiple readings and/or by cal ibrating the  instruments (where  ap- 

propriate)  Q u a l i t v  control  of f ieid sampling w i l l  involve collecting f ie ld  duplicates 

and b lanks  

ROCKY FLATS PLANT ICMP/CSPCP Draft February 1987 (Rcrmon 1) QAjQC Plan ScctlOn 9 PaI* I 



10. PERFORMA3CE AND SYSTEMS AUDITS 

F o r  each 3ct ivicy  where samples 3re collected. a performance audit i n % e s t i -  

g f 1 n 3  conformance w i t h  qualit ;  contro: procedures w i l l  be conducted (Appendix 4 I 

i r  the discretion of the Rockwell  Internation31 CEARP manager. Subcontractor Pro- 

j ec t  Manager, a n d  Quality Assurance O f f i c e r s  T h i s  audi t  wi l l  be scheduled to allou 

oversight o f  as many d i f ferent  field activit ies  a s  possible This audi t  w i l l  be per- 

formed b y  the Quality Assurance O f f i c e r s  or their  designees X written report of  t h c  

results o f  this audi t ,  along with a notice o f  nonconformity (if necessarv). s i l l  bc 

submitred to the  following individuals. 

- Rockwell  International C E A R P  ,Manager 
- Subcontractor Project Manager 
- Subcontractor S i te  Manager 

At least one  systems audit  w i l l  be performed during the project  T h e  a u d i t  

w i l l  vcr i fy  t h a t  a system of quality control  measures, procedures. reviews, a n d  3p- 

provals was established for  a l l  act ivit ies  a n d  is being used by project  personnel I t  

w i l l  also v e r i f y  that  the system f o r  project documentation is being used and that all 

quality control  records, along wi th  required qual i ty  control  reviews, approvals. 2 n d  

l c t i v i t y  records a r e  being maintained A standard checklist  f o r  svstems audits wi l l  be 

used The systems audi t  w i l l  be conducted by the Qual i ty  Assurance O f f i c e r s  a n d / o r  

L O S  Alamos Nat ional  Laboratory A f ina l  report wil l  be prepared which summarizes 

1ny  deviations from approved methods and their  Impacts on the project  results 

I 

0 
I 

Af  fer consultation with the C E A R P  Manager (and Subcontractor Project V a n -  

3ger). the Qual i ty  Assurance O f f i c e r s  may schedule svstems auairs  oi the parricipar- 

ing  h b o r a t o r ~ e s  At a minimum. the systems audit  would include inspection of  Iabo- 

r3tory norebooks, control  sheets. logsheers, computer f iles. a n d  equipment cal ibration 

3nd maintenance records. I f  scheduled, system audits  will  be e x x u t e d  bv indrvidu3ls 

identified in Secrion 23 o f  this  document 

Per formance  and systems audits o f  analyt i ca l  laboratories will  be scheduled 

and executed by the  laboratory Quality Assurance O f f i c e r s  Per formance  audits 3 r e  

zonducted a t  least semiannually 
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11. PREVENTIVE MAINTEXANCE 

This scction 3pplres solely to field equipment Prcventi\e m3intenancc w i l l  bc 

addressed bv checks of  equipment prior to i n i t i i ~ i o n  of I'ie~d oper3rlons to allow fimc 

for replacement oi rn~lfunctioning equipment The Subcontractor Sirc  \lanager i l l  

be responsible for implementing and documenting these procedures on 3 weeAlv basis 
during the period of  use 



12. LABORATORY DATA ASSESSMENT PROCEDURES 

4nzlytical  data from Iaborztories I S  assessed for accuracv. precision and corn- 

C!et=n:ss b. ;he laboratory Quality Assurance Officers.  using standard procedures 

4ssessment oi dat3 generated by analytical laboratories IS  initiated and con-  

tinued at  three 3dministrative levels. The bench chemist directly responsible for  t h c  

test knows current operating acceptance limits He/she can directly accept or re ject  

generated data and consult with his/her immediate supervisor f o r  3ny corrective 

a c f i o b  Once the bench chemist has reported the data 3s acceptable heishe initials 

the report sheet Any out-of-control results are flagged and a note is made at  to w h \  

the results were reported 

The chief  chemist receives the data sheets and reviews the qualitv control data 

that accompanied the sample run. After checking the reported data for completeness 

and quality control results, the chief  chemist either initials the report sheet or  sends 

i t  back to the bench chemist for  rcruaniag o f  samples The Quality Control Coordi- 

nator reviews data forwarded to him/hcr as acceptable by the ch ie f  chemist. Any 
remaining out-of-control results that, in the opinion o f  the Quality Control Coordina- 

tor, do not necessitate rerunning of the sample, arc  flagged. and a memo is written to 

the data user regarding utility o f  the data. Data generated from all analyses are  

given a f inal  review bv the laboratory Quailty Assurance Offlcers 



13. CORRECTIVE ACTION PROCEDURES 

T h e  Qual i tv  Assurance Of f i cers  a n d  the i r  audit  teams w i l l  prepare 3 report d c -  

scribing the rcsults of the performance a n d / o r  svstem audits If unacceptable c o n d i -  

tions ( e  g .  iclilure to h3ve/use procedures). unacceptable d3t3  nonconformitv w i t h  rhc  

qual i ty  control  procedures, or a d e f i c i e n c y  a r e  ident i f i ed  the Qualitv Assurance Of- 
ficers will  not i fy  the Rockwell  In ternat iona l  C E A R P  Manager o f  the results of the 

a u d i t  in writing. They w i l l  also state if the nonconformity IS ol s i g n i f i c m c e  f o r  the 

program a n d  recommend agpropriate correc t ive  acrions The  Rockwell  Intern3rion31 

CEARP Manager will  be responsrble f o r  ensuring that  correcitve is developed a n d  i n i -  

t iated a n d  that ,  i f  necessary, special exper t i se  not normallv 3vailable to the pro jec t  

team is made ava i lab le  T h e  subcontractor will  be responsible for  carrv ing  out cor- 

rective actions T h e  subcontractor wi l l  also ensure that additional work IS not per -  

formed until  the  nonconformity is corrected Correc t ive  action mav include 

- reanalyzing the samples i f  holding time permits. 

- resampling and reanalyzing, 

- evaluating and amending the  sampling a n d  analvtical  procedures. 
-- 

a n d  

- accept ing  the data a n d  acknowledging  i t s  level of uncertainty 

The Rockwel l  International  CEARP Manager w i l l  be responsible f o r  ensuring 

that  correc t ive  ac t ion  was taken. a n d  that  I C  adequatelv addressed the nonconformity  

4ftcr correc t ive  action is taken,  the Qual i rv  Assuranc: Offlc:: responsible for  

the audi t  w i l l  document its completion in  a written report 'le report * i l l  indic3 te  

any  ident i f i ed  f indings,  correc t ive  ac t ion  taken. foilow-up 3ct1on. a n d  f ina l  

recommendations T h e  report w i l l  be sent t o  the Rockwel l  International CEARP \ h n -  

ager Project  s t a f f  w ~ l l  be responsible f o r  in i t ia t ing  reports o n  suspected nonconfor-  

mities in f i e ld  ac t iv i t i es  a n d  deliverables or documents 



14. QUALITY ASSURANCE REPORTS 

T h e  Rockwell International CEARP Cfanager wtil  relv on written rc 

Ports, memoranda documenting data lssessment ~ c t i v i t i e s ,  pcrforrnance and svstcms 

ludits. nonconformity notices. correcfive action reports. 3nd q u ~ l i t y  3sSurance notices 
to enforce qual i ty  assurance requirements The Los Alamos National Laboratorv will  

be issued a written qual i ty  assurance report at the end of each stage o f  site charactcr-  

ization (remedial Investigation) by the Rockwell International C E A R P  Manager 

Records w i l l  be maintained to provide evidence o f  qual i ty  assurance activit ies  
Proper maintenance o f  q u a l i t y  assurance records is essential I O  provlde support for  

evidential proceedings and to assure overall quality of the in\estigation A qualitv 

x s u r a n c e  records index will be started 3t the beginning o f  the project AI1 inform3- 

tion received from outside sources or developed during the project wi l l  be ret3ined bv 
the project team. Upon termination o f  an individual task or work assignment, work- 

ing f i les  wil l  be processed f o r  storage as quality assurance records. Upon termination 

o f  the project, complete documentation records (for example, chromatograms. spectra,  

and calibration records) w i l l  be archived as reqGircd by DOE Order 1324 2A (Records 

Deposition) T h e  Rockwell International CEARP Manager and the Los Alamos \a-  

tional Laboratory CEARP Rocky Flats Plant Team Leader will be responsible for en- 
suring that  the Quality Assurance records are  being properlv stored and t h a t  thev can 
be retrieved 
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APPENDIX A 

QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 

-- 
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1. LABORATORY QA/QC PROGRAM 

This appendix to the quality assurance/quality control plan describes the orga- 
n i n t i o n  and procedures used to produce reliable analytical  data These procedures 

a r c  3ppllcable to performing chemical. radiological. and geotechnical analyses on 
3ste or environmental samples as appropriate. 

The ultimate responsibility for the generation of reliable laboratory data rests 
w i t h  the laboratory rnaoagcmcnt Laboratory management is vested wi th  the author- 

Icv to establish those polictes and procedures to ensure that  only data of the highest 
attainable cal iber are  produced. Laboratory management. as  well as  the laboratory 

Quality Assurance/Quality Control Off icer  are responsible for the implementation of 
thc established policies and procedures 

Laboratory management has the following responsibilities 

- direct tmplcmeatation of the quality assurance program. 

- ensure that  their  personnel are adequately trained to perform anaiy- 
ses. -- 

- ensure chat equipment and instrumentation under their control are  
cal ibrated and f unctioning properly, and 

- r e v ~ e w  and perform subsequent correctave action on internal and e x -  
ternal audits 

T h e  Quality Assurance/Quality Control Officer has the following rcsponsibili- 
t ICs 

- on-going rcview of individual quality assurance procedures 

- providing assistance in the development 3nd implementatlon of spe- 
ci f  ic qualitv assurance plans for special analvtlcai programs. 

- coordination of internal and external quality assurance audits. 

- coordination of quality assurance training, 

- review of special project plans for consistency w i t h  organizational 
requirements and advising laboratory management of i n ~ ~ n s i ~ t e n ~ i ~ s ,  
and 

- overall coordmation of the laboratorres’ quality assurance program 
manual 



12. SAMPLE MANAGEMENT 

On notification of the samuling and analyses effort.  the laboratory wi l l  c r e i t c  
3 f i l e  to maintain records associated w i t h  the activity In addition to adrninistrati\c 

information, requests for sampie Conttinerf, preservatives, and required analyses w i l l  

be included in the file. 

Sample bottles will  be prepared by the laboratory and made available to the 

sampling term. The  bottles wil l  be prepared according to the analysis plan procedures 
3nd will inciude sample preservatives appropriate to the tnalyter and matrrcet of 
concern. Addition of preservatives to sample shall be recorded on chain-of-custod\ 

forms. 

Samples received at the laboratories will be inspected for integrity, and inv 
field documentation wil l  be reviewed for accuracy and completeness. 

Chain-of-custody and sample integrity problems will be noted and recorded on 
the chainsf -custody forms during sample log-in. Chrinaf-custody forms a n d  def  i- 

ciency notices will  be maintained in the file. -Any deficiencies wil l  be brought to the  
attention of the Rockwell International CEARP Manager who wil l  advise the labora- 

tory on the desired disposition of the samples. 

Each sample that it received by the laboratory w ~ l l  be assigned a unique se-  

quential sample number w h i c h  will Identify the sample i n  the laborarory's internal 
t rack ing  system References to a sample in any communication w ~ l l  include the 3s- 

signed sample number 

Samples wi l l  be stored In a locked refrigerator a t  doc The temperature o f  the 

storage refrigerators will be monitored and recorded d a i l y  b\ the sample custodisn 

Sample fractions and extracts  w i l l  also be stored under these same conditions 
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1.3. ANALYTICAL SYSTEMS 

1.3.1. LnstryIpcnt Y- 

Instruments wiii be maintained in accordance w i  h manufac urers' specifica- 

tions More frequent maintenance may be dictated dependent on operational perfor- 
mance. Instrument logs will  be maintained to document the date. type, and reason for  

3 n y  maintenance performed. 

Contracts on major instrurnenu w i t h  manufacturers and service agenctes may 
be used to provide routine preventive maintenance and to ensure rapid response to 
emergency repair service. 

1.3.2. Instrument 

Before any instrument 1s used. i t  wi l l  be calibrated using known reference ma- 
All sarnole measurements wil l  be made within the calibrated range of the in -  terials 

s t rument  A record of calibration w i l l  be kept 10 an equipment log. 
-- 

1.3.3. Pertoonti Trr 1- 

Prior to conducting analyses on an independent basis, analysts wlil be trained 
b y  experienced personne1 i n  the complete performance of the analytical method An- 

i l v s t s  may require training a t  instrument manufacturers' training courses The ana- 
l i s t  w i l l  be required to independently generate data on several method and/or matrix 

spikes to demonstrate proflclency 1n that analytlci i  method T5e tvpe o f  data t o  be 

~ e n e r 3 t e d  w i l l  be dependent on the analyrical method to be performed Results 01 

this 'certification' w i l l  be reviewed by laboratory management for adequacv 

' @  

Method blanks and method spikes w i l l  be required in  everv lot of samples an- 
a l lzed ,  thus performance on a day-to-day basis can be monitored Laboratory man- 
j gement  and the Laboratory Quallty Arsurance/Quality Control O f f i c e r  are responsi- 

ble for ensuring that  samples are analyzed by only competent analysts. 
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1.4. ANALYTICAL METHODS 

I a 

Miss spectrometers will be tuned on a daily basis to manufacturer’s specif ica-  
tions with FC-43 In addition. once per shift  ( 8  hours) these instruments w i l l  bc 
tuned with decafluorotriphenyl~hosphine (DFTPP) or 4-bromo-fluorobenzene (BFB) 
for semi-volatlles or v o i a t h .  respectively Ion abundance wil l  be within the window 

dictated by the requirements of the specif ic  protocols. Once an instrument has been 

tuned, init ial  calibration curves for analytes (appropriate to the analyses to be per- 

formed) will be generated for a t  least three solutions containing known concentrations 
o f  authentic  standards o f  compounds of concern 

T h e  calibration curve will bracket the anticipated working range of analyses. 

ca l ibra t ion  data. to include the correirtion coefficient. wi l l  be entered into 

hboratory  notebooks to maintain a permanent record o f  instrument calibrations. 

During each operating shift ,  a midpoint- calibration standard will be analyzed 
to verify that  the instrument responses are  still within the initial calibration determi- 
nations The calibration check compounds will be those analytes used in the EPA 

contract  laboratory program’s multicomponent analyses (e g- priority pollutants 3nd 
hazardous substances list) wi th  the exception that benzene w i l l  be used in place of  

vinyl chloride (volatiles) and di-n-ocryi phthalate wi l l  be deleted from t h e  semi- 
volatile l i s t  

The  response factor drift  w i l l  be c3lculited and ::corded I f  s i g n i i ~ s t n r  

(>30%) response factor drift  is observed, appropriate corrective action w i l l  be taken t o  

restore confidence in the instrumental measurements 

Al l  GC/MS analyses w i l l  include analyses o f  a method blank, a method spike 
and a method spike duplicate in each lot of samples In addltion, appropriate surro- 
gate compounds specified 1n EPA methods w i l l  spiked into each sample. Recoveries 

from method spikes and surrogate cornpounds wil l  be calculated and recorded on con- 

trol charts  to mainta in  a history of system performance 
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Duplicate samples w i l l  be analyzed for analytical lots o f  twenty (20) or more 
samples 

Audit samples wi l l  be analyzed periodically to compare and verif y laboratory 
Pert ormance against standards prepared by outside sources. 

1.12. G a s  Chro- aadHlnhPcrlormracr Liauid C- 

Gas chromatographs and high performance liquid chromato8raphs will be ali- 

braced prior to each day of use. Calibration standard mixtures will  be prepared from 
appropriate reference materials and wiil  contain analytes appropriate for the method 
01 analysis. 

Working calibration standards will  be prepared fresh daily The working stan- 
dards wil l  i n c h d e  a blank and a minimum o f  three ConcenIrations to cover the antic-  
ipated range of measurement. At  least one of the calibration standards will  be at or 
below the desired instrument detection limit. The correlation coefficient of the plot 
of "known' versus 'found' concentrations must be at least 0996 in order to consider 
the responses linear over a range. If a correlatioi coeff icient  of 0996 a n n o t  be ob- 
tained, additional standards must be analyzed to def ine  the calibration curve A 

midpoint calibration check standard w i l l  be analyzed each operating s h i f t  ( 8  hours) to 

confirm the validity of the initial calibration curve The check standard must be 
w i r h i n  twenty (20) percent of the initial response curve to demonstrate that the initial 
x f i b r a t i o n  curve IS st i l l  vahd 

C ~ I i b r a t i o n  data, to inciude the correlation coeff icient  will  be  entered into 
2 boratorv notebooks to maintain a permanent record o f  instrument calibrations 

A t  least one method blank and two method spikes w i l l  be included i n  each 
iaboratory lot of samples Regardless of  the matrix being processed. the method 
spikes and blanks wl l l  be in aqueous media Method spikes wil l  be at a concentration 
of approximately five (5) times the detection limit. 

The  method blanks wil l  be examined to determined if contamination is being 
The method spikes wil l  be examined to determine both introduced in the laboratory 

precision and accuracy 



Accuracy w i l l  be measured by the percent recovery of the spikes, precision 

w i l l  be measured by the reproduc:bil:ty of method sprkes 

1 4.3. Atomic AbrorptSoa SPcfttbahotamctrr 

Atomic absorption spectrophotometers w i l l  be calibrated prior to each day 01 

use 

Calibration standards wi l l  be prepared from appropriate reference  materials. 
and working calibration standards will be prepared fresh weekly T h e  working stan- 
dards wi l l  inctude a blank and a minimum of f ive concentrations to cover the ant ic i -  
pated range o f  measurement 

Duplicate injections wi l l  be made for each concentration At least one  o f  the 
calibration standards will be at  o r  beiow the desired instrument detection limit. T h e  

correlation coeff ic ient  of the plot o f  ‘known’ versus ‘found’ Concentrations will  be at  

least 0996 in order to consider the responses linear over a range. I f  a correlation co- 
eff icient  o f  0996 cannot be achieved. the instrument will  be recalibrated prior to 
analysis o f  samples. Calibration data, to in&de the correlation coef f i c ient ,  will  be 
entered into laboratory notebooks to maintain a permanent record of instrument cali- 

brations 

At least one method blank and two method spikes w i l l  be included in each 
laboratory lot o f  samples Regardless o f  the matrix being processed. the method 
spikes 3ad blanks will  be i n  aqueous media Method spikes w i l l  be at  a concentration 
o f  approximatelv f i v e  (5) tlmcs the detection h m i t  

The method blanks w l i l  be examined to  determine if contamination is being 
1ntroduc:d i n  the laboratory and w ~ l l  be introduced a t  a frequency of one per a n s l \ r -  
1 ~ 3 1  lot or f ive  ( S I  percent of the samples. whichever is more The method spikes w i l l  

be examined to determine both precision and accuracy Accuracy wi l l  be measured 
b y  the percent recovery of the spikes. The recovery must be w i t h i n  the range of  75- 

12s percent to be considered acccpta ble. 

Precision wril  be measured by the reproducibility of both method spikes. 
sults must agree wlthin twenty (20) percent i n  order to be considered acceptable. 

R e -  

a 



Spectrophotometers will  be calibrated prior to each day of use. Calibration 

s:andardt w111 be prepared from reference materials appropriate to the analyses being 
p:rformed, and working standards wi l l  inciude a blank and a minimum of f ive (5) 
::oncentrations to cover the anticipated range of measurement At least one of the 
--7lrbration standards wil l  be at  or  below the desired instrument detection limit T h e  

:orrelation coefficieat of the plot of .known' versus 'found' concentration will be at 

least 0 996 in order to consider the responses linear over a rangc I f  a corrcfation co- 

e f f i c ient  of 0 996 caanot be achieved. the instrumeat will be recalibrated prior to the 
analysis of samples. 

Calibration data. to include the correlation coefficient. rill be entered into 
11 boratory notebooks to maintain a permanent record o f  instrument calibrations 

At least one method blank and two method spikes will  k incfuded in each 
laboratory lot of samples. Regardless of the matrix b e i n g  processed. the method 
spikes wiI l  be at  a conceatration of approximately f ive  (S) times the detection limit. 

-- 
T h e  method blanks wi l l  be examined to determine if 

introduced in the laboratory 

Accuracy wil l  be measured by the percent recovery of 

contamination IS being 

the spikes. The recov- 
er: must be in an acceptable range (based on EPA data for the method of interest) in  

order f o  be considered acceptable Precision wi l l  be measured by  the reproducibilitv 

o f  both method spikes 

Results must agree within acceptable Iimits (based on EPA data, in order to  be 

:: zsidered ;icceprable 

13. REFEREXCE MATERIALS 

Whenever possible, primary reference materials will obtained from the Na- 
tional Bureau of Standards (NBS) or the US. Environmental Protection Agency (EPA) 

In absence o f  available reference materrals from these oraanizauons. other reliable 
sources may be sought Reference materials wiil be used for  instroment calibrations. 
quality control spikes. and/or performance evaluations Secondary reference material 
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may be used for these functions provided th3t they are traceable to an NES standard 
or have been to an NBS standard wi th in  the laboratory 

1.6. REAGENTS 

Laboratory reagenu will  be of a quality to minimize or eliminate background 
Reagents must ?Is0 not contain other concentrations of the analyte to be measured 

contaminants that wiil interfere with the analyte of concern 

1.7. CORRECTIVE ACTIONS 

When an tntIytical  system is deemed to be questionable or out-of-control a t  

any level of review, Corrective action wi l l  be taken If possible. the cause of the out- 
of-control situation will  be determined. and ef forts  wil l  be made to brlng the system 
back into control Demonstration oT the restoration of a rchable analytical system 
will  normally be accomplished by generating satisfactory calibration and/or quality 
control sample data. The major consideration i n  performin8 corrective action wil l  be 
to ensure that only reliable data are reported &om the laboratory The Rockwelf In- 
ternational CEARP Manager wil l  be informed o f  the problem and all corrective ac- 
tions taken. 

1.8. DATA MANAGEMENT 

18.1. Data Col ltct{oq 

All data w i l l  be recorded in laboratotv notebooks Liborarorv notebooks W I I I  

con rain 

- Date and time of processing - Sample numbers - ProJect 
- Analyses or operation performed - Calibratioa d i u  - Quality control samples included - Conccntrations/dilutions required - Instrument readings 
- Special observatrons - Analyst's Signature. 



Copies of laboratory notebooks w i l l  be provided to the Rockwell International 
CEARP Maaager on request. 

0 
1.8.2. Pat. Re- 

Data reduction will  be performed by the individual analysts The  complexity 

of the data reduction wil l  be dependent on the specific analytical method and the 
number of discrete operations (extractions. dilutions. and concentrations) involved. 

For  those methods utilizing a calibration curve, sample responses wi l l  be ap- 
piled to the linear regression line to obtain an initial raw result which wil l  be fac- 
tored into equations to obtain the estimate of the concentration i n  the original sample 
Rounding wil l  not be performed until after  the final result is obtained, to minimize 
rounding errors, and results will  not normally be expressed i n  more than two (2) sig- 

arfrcant figurer. I 

Copies of all raw data and the calculations used to generate the f inal  results 
wiil be retained in the laboratory file to allow re_Construction of the data reduction 
process at a later date. Copies of these records wi l l  be provided to the Rockwell In- 
ternational CEARP Manager on request. 

1-83. Data R e  v i e r  

System reviews wiIl  be performed at all Ievels The individual anafvst w i l l  re- 

view the quality o f  data through calibration checks. qualitv cmtrol  sample resul ts  

2nd performance evaluation samples These reviews wil l  be performed prior to s u b -  

TcIlssion o f  data to the laboratory management 

Laboratory management w i l l  review data for  consistency and validity to  de- 

[::mine if program requirements have been satisfied Selected hard copy output of  

data (chromatograms, spectra. etc.) wilf be reviewed to ensure that results are intcr- 
preted correctly Unusual or unexpected results wi l l  be reviewed, and a resolution 
w l l  be made as to whether the analysis should be repeated. In addition, laboratory 

management, will recalculate selected results to verify the calculation procedure. Any 

abnormalities wii l  be brought to the attention of the Rackwell Internationai CEARP 

Wxnager. 



fhe Quality Assur;rnce Officer wi l l  independently conduct 8 Complete revccu 

o f  results from randomly selected samples to determine if  laboratory and program 
quality assurance/quality control requrrcments have been met. Deviations f r o m  rc- 

quiremcnts w ~ l l  be reported to the laboratory management and Rockwell International 
CEARP Manager for resolution. 

Non-routine audits may be performed. 

1.8.4. Rcaorttgt, 

Reports wi l l  contain final results (uncorrected for blanks and recoveries). 
methods of analysis, leveir of detection, surrogate recovery data, and method blanks 

data In addition, special analytical problems. and/or any mOdiflCatiOnS of refer. 
enced methods wi l l  be noted. The number o f  significant figures reported will be con- 
sistent wi th  the Iimits of uncertainty inherent in  the analytical method. Conse- 
quently, most analytical results will  be reported to no more than two (2) significant 

f igures. 

Data wi l l  be reported in units commo<ly used for the analyses performed. 
Concentratioas in liquids wiil be expressed in terms of weight per unit volume (e  8 .  

milligrams per liter). Concentrations in solid or semi-solid matrices w i l l  be expressed 
in terms of weight per uni t  weight of sample (e g , micrograms per grams) 

Reported detection limits wi l l  be those specified by the analytical method 

18.5 D a t a  A r c h i r i n z  

The  laboratory w i l l  maintain on file al l  of t h e  r a w  data ( i n c l u d i n g  cslibration 
data), laboratory notebooks. and other pertinent documentation This f i l e  w i l l  bc 

maintained at  the laboratory for a period of tlme consisfent w t h  Rocky Flars Plan1 j 
requirements. At  the end of that time frame. all these records w i l l  be given to Rock\ 
Flats Plant. 



I 2. PERFORMANCE AND SYSTEM AUDITS 

Quality assurance audits wil l  be coaducted. System audits w i l l  be conducted at 0 random. unscheduled intervals at least annuaiiy. 

Audits wi l l  be planned. organized. and clearly defined before they are  init i -  
zted. Auditors will  identify nonconformances or deficiencies These will  be reported 

and documented so that corrective actions can  be initrated through appropriate chan- 
nels. Corrective actions will  be followed up with a compliance review A report on 
each audit will be sent to the Rockwell International CEARP Manager. 

2.1. FIELD AUDITS 

Unannounced field audits. investigating conformance w i t h  QA/QC procedures, 
wi l l  be performed. A typical checklist  f o r  this type o f  audit is shown in Table  A-1 

A written report on the resuits of this audit  will be submitted to the Rockwell Inter- 
national CEARP Manager. 

-- 2.2. CORRECTWE ACTION 

After each audit, auditors w i l l  identify nonconformances in a written noncon- 
formance notice and Initiate corrective action through the Rockwell International 
CEARP Manager. The nonconformance notice wi l l  describe any nonconforming con- 
drtrons and set a date for response and corrective action(s1 The Subcontractor 
Project .Manager w i i l  prepare a written proposal for  corrective action for review and 
i p p r o v a l  b\ t h e  Rockwell  International CEARP Vanager ‘A hen approved t h e  pro- 

2osed corrective 3ctron(s) w i l l  be implemented Foilow-up review w i l l  be performed 
S v  the  auditor to confirm that the corrective actions have been implemented 
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Table A 1 Field Audit 

ProJect Site Manager 

Site Location Field Team Leader 

Auditor Date 

O u w  Yea Yo commenr/nocyplUUiU1M 

1. 

2. 

3 

4 

5 

6 

7 

8 

9 

10 

1 1 .  

Was a site-specific sampling 
and analytical plan followed? 

Was a field team leader 
appointed? 

Was the site health and safety  
coordrnator present' 

Were field team members farnil- 
iar with the sampling plan' 

Was a briefing held offsite, 
before any site work was begun, 
to acquaint personnel with 
sampling equipment and assifin 
fieid respoluibilities~ 

Was the daily briefing and 
safety check conducted3 

Was a compietcd 'Site Person- 
nel Protection and Safety Eval- 
u ~ t i o n  Form' read and signed 
bv a l l  visitors and personnel 
entering the site' 

Was a field notebook assigned 
to the field team leader' 

Were entries made in the field 
not e book? 

Were sampling statioas located 
c o r r e c t l y ~  

Did the number and location 
of samples collected follow the 
site-specific sampling plan7 

-- 

ROCKY FLATS PLAKT ICMP/CSPCP D d b  February 1987 (hvirron l)W/QC PIM 4pp.ndu A page 13 



Table A 1 (Continued) 

Pro JeCt 

0 Site Location 

Auditor 

Site Manager 

Field Team Leader 

Date 

It 

13 

14 

15 

16 

1‘ 

18 

19 

20 

Were samples identified as 
described in the rite-specific 
sarnplins plan? 

Were samples collected fol- 
lowing procedures specified io 
the site-specific plan’ 

Was 8 chain-of-custody form 
filled out f o r  all samples col- 
lected” Were all sample transfers 
documented? 

Were samples preserved as 
specified in the rite-rpccif ic 
sampling plan? 

Were the number. frequency. 
and type o f  samples ( inchding  
blanks and duplicates) collected 
as described in  the site-specific 
sampling plan’ 

Were t h e  number. frequencv, 
and type of  measurements and 
observations taken as speclf~ed 
in the site-speciflc ramphag 
plan3 

Were blank and duplicate 
samples properly ideatif led’ 

Was a record maintained 
of calibration of field equip- 
meat3 

Was field equipment cal- 
ibrated as required? 

-- 



Table A.1 (Cont:nued) 

ProJect 

Site Location 

Auditor 

Site Manager 

Field Team Leader 

Date 

21. Have any procedures been 
revised? 

22. Are revisions to procedures 
adequately documented? 

23. Was the document log for 
chain-of-custody records and 
other sample t ra f f i c  control 
forms maintained? 

24 Have any accountable doc- 
uments been lost? 

-- 
25. Did drilling and well con- 

struction follow procedures out- 
lined in the sampling plan? 

26 Were the activities being 
conducted compatible with the 
environmental conditions’ 
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APPENDIX 8 

CEARP PHASE 2: INSTALLATION GENERIC MONITORING PLAN (IGMP); 
HEALTH AND SAFETY PLAN 
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1. INTRODUCTION 

CEARP Phase 2 Confirmation consists o f  CEARP Phase Za, Monitoring Plan, 

and CEARP Phase Zb, Site Characterization (Remedial Investigation) This Health 
and Safety Plan is one component o f  the Monitoring Plan for Rocky Flats Plant The 

Monitoring Plan consists o f  f ive  parts Synopsis, Sampling Plan. Technical Data Man- 
agement Plan, Health and Safety Plan. and Quality Assurancc/Quality Control Plan 
Because of  the Compliance Agreement made by the State o f  Colorado, Environmental 
Protection Agency, and Department o f  Energy (DOE), this Monitoring Plan also i n -  

cludes a Feasibility Study Pian The  Synopsis provides a discussion of the current 

situation and serves as an introduction to the other plans 

CEARP uses a three-tiered approach in  the preparation o f  monitoring plans 
the CEARP Generic Monitoring Plan (CGMP). the Installation Generic Monitoring 
Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs) This IGMP is the Com- 

prehensive Source and Plume Characterization Plan required by the compliance 
agreement Therefore, the acronym used to refer to this plan is IGMP/CSPCP 

This IGMP/CSPCP Health and Safety Plan incorporates the specific safety 

practices and procedural review requirements for Rocky Flats Plant 

The CGMP Health and Safety Plan provides generic guidance and establishes 
procedures for conducting site characterization (remedial investigation) activities u n -  

der CEARP Phase 2 It outlines how the DOE-Albuquerque Operations Office wil l  

implement health and safety requirements under CEARP Specifically, i t  provides 

generic guidelines and procedures that wil l  be employed by Rocky Flats Plant and 

Los Alamos National Laboratory during CEARP Phase 2b site characterirat~on 

(remedial investigation) activities to protect the health and safety of  personnel i n -  

volved i n  CEARP Thus, the CGMP Health and Safety Plan becomes the foundation 
for the Rocky Flats Plant IGMP/CSPCP Health and Safety Plan and is incorporated, 

as appropriate, by reference 
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2. POLICY AND STANDARDS 

It is DOE'S policy that its operations shall be conducted in a manner that will  

( 1 )  limit risks to the health and safety o f  the public and employees, and (2) ade- 

quately protect property and the environment As outlined i n  the CGMP Health and 

Safety Plan, DOE has responsibility for health, safety, and environmental protection 

programs at DOE-owned contractor-operated facilities Consistent with this responsi- 

bility, this Health and Safety Plan includes the current health and safety policy and 

standards in  ef fect  at Rocky Flats Plant It also includes provisions to implement ex- 

ternal subcontractor policy and standards when the latter are deterrmned to be more 

restrictive 

21 .  POLICY 

The main tenet of this IGMP/CSPCP Health and Safety Plan rs to keep human 

exposure to toxic materials and radiation at  levels as low as reasonably achievable 

(ALARA) The ALARA review will demonstrate that all reasonable efforts have been 

made to minimize worker and public exposures to toxic and/or radioactive materials 

Specific ALARA procedures will include engineering controls, administrative 

controls, and the use of personal protective equipment The length of time employees 

spend i n  areas with elevated levels of  radioactive or toxic materials will be mini- 

mized I f  conditions produce airborne contaminants, dust suppressant measures wrll 

be taken General requirements for limiting exposures, and protective clothing and 

equipment necessary to protect personnel from contaminants are identified i n  t h e  

CGMP Health and Safety Plan and are specifically addressed i n  this IGMP/CSPCP 

Health and Safety Plan, Section 4 2  

2.2 STANDARDS AND REGULATIONS 

The environmental, safety, and health protection requirements applicable to 

Rocky Flats Plant operations are set forth in  DOE and DOE-Albuquerque Operations 

Off ice  Orders These orders require compliance with applicable Federal, State o f  

Colorado, or local standards This Rocky Flats Plant IGMP/CSPCP Health and Safety 
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Plan IS based on these DOE Orders, Federal regulations, and other professional stan- 

dards specified in  Section 2 of  the CGMP Health and Safety Plan 

I 23. PERMITS 

Permits issued by Rocky Flats will be obtained as required for  all land use ac- 
tivities (e g , drilling, boring, samples. and entry), following the current health and 

safety policy and standards in effect at Rocky Flats Plant 
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3. HEALTH AND SAFETY RESPONSIBILITIES 

The line organizations conducting CEARP Phase 2b Site Characterizations 

(Remedial Investigations) are responsible for providing adequate precautions and pro- 
tection to ensure the health and safety o f  employees and the public The simplified 

organizational chart for  health and safety at Rocky Flats Plant is presented in  Figure 

3 1  

3.1 GENERAL RESPONSIBILITIES 

For site characterization (remedial investigation) activities conducted at  Rocky 

Flats Plant, the Rockwell International CEARP Manager establishes requirements 

following guidelines specified in this IGMP/CSPCP Health and Safety Plan that are 
consistent with current health and safety requirements The Subcontractor Site Man- 
ager is responsible for ensuring the health and safety of field team personnel during 

CEARP Phase 2b site characterization (remedial investigation) activities. The 

Subcontractor Site Health and Safety Coordmator provides guidance to the Subcon- 

tractor Site Manager regarding potential health hazards during characterization activ- 

ities The Subcontractor Site Health and Safety Coordinator has the authority to ter- 

minate field activities at  specific sites i f  unsafe conditions develop 

3 2 INSTALLATION REQUIREMENTS 

Primary health and safety responsibility at Rocky Flats Plant rests with Rock- 

well International Health, Safety and Environment Department Director Representa- 

tlves of  the Rockwell International Health, Safety, and Environment Department, un- 
der direction o f  the Rockwell International CEARP Manager, wil l  review and concur 

w i t h  the SSMP Health and Safety Plans prior to commencement o f  site characteriza- 

tions (remedial investigations) The Rockwell international Health, Safety, and Envi -  

ronment Department will also provide guidance to the Subcontractor Project Manager 

for establishing health and safety requirements. 
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33.  SPECIFIC RESPONSIBILITIES 

Specific responsibilities assigned to the functional health and safety organiza- 
tion f o r  the Rocky Flats Plant CEARP Phase 2b site characterizations (remedial in- 
vestigations) are provided i n  the following sections 

33.1. Los  Ala mos N i t  loaal Lab- 

Because the site Characterizations (remedial investigations) will be conducted 
by Rockwell International, Los Alamos National Laboratory does not have responsibil- 

ity for implementing Health and Safety Plans. 

33-2. Rocknell I gttrait i& CEARP M a w  

The Rockwell International CEARP Manger shall 

- ensure that the Rocky Flats Plant SSMP Health and Safety Plans are 
prepared, reviewed, and concurred with by the appropriate individu- 
als within DOE-Albuquerque Operations Office and Rocky Flats 
Plant, 

- concur in the selection o f  the Subcontractor Site Manager and Sub- 
contractor Site Health and Safety Coordinator, 

- ensure that personnel involved with CEARP Phase 2b site character- 
izations (remedial investigations) comply with the IGhiP/CSPCP 
Health and Safety Plans, 

- require periodic health and safety audits (at least once during each 
stage of sampling), review Health and Safety Audit Reports, and re- 
quire responses to Health and Safety Audit Report findings and rec- 
ommenda tions. 

- act on employee concerns in accordance w i t h  the procedures outlined 
i n  DOE Orders and take appropriate action to correct violations, 

- review and evaluate requests for variance from the Health and 
Safety plans, and 

- ensure that the proper reports required by DOE and DOE-Albu- 
querque Operations Off ice  orders are submitted, including accident 
investigation reports, as necessary 
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3.3.3. -actor Proicct M a w  

The Subcontractor Project Manager shall 

- assign a Subcontractor Site Manager (Section 3 3 4 )  who wil l  be re- 
sponsible for ensuring the health and safety of field team personnel 
during CEARP Phase 2b Site Characterization (Remedial Investiga- 
tlon) activities, 

- assign a Subcontractor Site Health and Safety Coordinator (Section 
335) to ensure implementation o f  the Rocky Flats Plant 
IGMP/CSPCP Health and Safety Plan and each SSMP Health and 
Safety Plan, and 

- read, concur, and comply with the Rocky Flats Plant IGMP/CSPCP 
Health and Safety Plan. 

3.3.4 ~ b c o a t r t c t o r  S i te  

The Subcontractor Site Manager shall 

- submit requests for variance from the requirements o f  this plan to 
the Subcontractor - ProJcct Manager and Rockwell International 
CEARP Manager, when appropriate, 

- assure that requirements specified in DOE and DOE-Albuquerque 
Operations Off ice  Orders 5484.1 are recorded and reported for  ail 
employees, 

- ensure that personnel involved with CEARP Phase 2b site character- 
izations (remedial investigations) comply with the IGMP/CSPCP 
Health and Safety Plans, 

- monitor the performance o f  employees involved i n  site characteriza- 
tion (remedial investigation) activities to ensure compliance wl th  
health and safety requirements, 

- be familiar wi th  emergency response procedures and notiflcatlon re- 
quirements, and implement them accordmgly, and 

- terminate work activities if unsafe conditions develop or when dl- 
rccted to do so by the Subcontractor Site Health and Safety Coordi- 
nator 

3.3.5. Subcontractor Site Health rod  Safety Coo rdiortoc 

A Subcontractor Site Health and Safety Coordinator wil l  be designated by the 

Subcontractor Project Manager for each stage of the Phase 2b site characterization 
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(remedial investigation) activities T h e  Rockwell International CEARP Manager shall 
concur in the selection o f  the Subcontractor Site Health and Safety Coordinator The 
Subcontractor Site Health and Safety Coordinator 1s responsible for conducting a re- 

view o f  the proposed activities prior to commencement of operations, evaluating po- 

tential hazards, and recording the appropriate information on a Work Location, Per- 
sonnel Protection, and Safety Evaluation Form (Appendix A) Activities that require 

special monitoring or certain personal protective equipment will be specified in the 
SSMP Health and Safety Plans In addition to the duties outlined in Section 3 4  of 
the CGMP Health and Safety Plan, specific responsibilities of the Subcontractor Site 
Health and Safety Coordinator include the following 

- being present or having an acceptable alternate present when subcon- 
tractor work activities are being performed in areas requiring decon- 
tamination o f  personnel or equipment, 

- advising the Rockwell International CEARP Manager, and the Sub- 
contractor Site Manager o f  potential health and safety hazards 
during site characterization (remedial investigation) activities; 

- conduct special monitoring, if necessary, 

- evaluate potential modifications to work plans and personal protec- 
tive equipment requirements to ensure employee saf ety, 

- ensure that site characterization (remedial investigation) team mcm- 
bers have been trained in the appropriate safety procedures for the 
activities they will conduct, have current medical certification that 
they are physically fit  to perform required tasks, and have partici- 
pated i n  all required dosimetry or bioassay training programs; 

- contact the appropriate local emergency organizations (police, f m ,  
ambulance, and hospital) to coordinate emergency response activities, 

- require that the Subcontractor Field Team Leader terminate work ac- 
tivities if unsafe conditions develop, or an imminent hazard IS per- 
ceived, 

- prepare variances from the health and safety requirements i f  needed, 
and 

- carry out health and safety audits and prepare health and safety au- 
dit reports as required by this IGMP/CSPCP Health and Safety Plan 
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3.4. AUDITS 

ty audits will be conducted by the Subcontractor to ensure ad- 

of the requirements of this IGMP/CSPCP Health and Safety 

onducted by the Subcontractor Site Health and Safety Coordi- 

in  Health and Safety Audit Reports to be issued by the Sub- 

ager T h e  Los Alamos National Laboratory CEARP Team 
11 International CEARP Manager will receive copies of these 

onsible for health and safety deficiencies noted in the audit 

itten responses describing corrective actions that have been 

nator and docume 

ealth, Safety, and Environment Department may 

s, separately or concurrently, with subcontractor 

audits 

ND SAFETY REQUIREMENTS 

a written request for a variance from a specific 
submitted by the Subcontractor Site Health and 

If the Subcontractor Pro- 

the request will be reviewed by the Rockwell 

representatives of the Rockwell International 

rtment The conditions of the request wil l  be 

ce specifying the conditions under which the 

anted in writing A copv o f  the variance w t l l  

lvities in which  it 1s invoked 

tor P r o p t  Manager 
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~~ FOE ROCKY F L A T S  I 

ROCK WELL INTERNATIONAL 
HEALTH, SAFETY, AND ENVIRONMENT 

DEPARTMENT 

MEDICAL CEARP INDUSTRIAL RADIATION 
MANAGER HY GENE SAFETY - .--.. ...---- 

SUBCONTRACTOR SUBCONTRACTOR SITE 
PROJECT HEALTH AND SAFETY 
MANAGER COO ADMATOR 

m I I 

SUBCONTRACTOR 
SITE MANAGER 

Figure 3 1 Simplified Health and Safety Organizational Chart for Rocky Flats Plant 
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4. HAZARD ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS 

The following section provides a description o f  anticipated potential hazards 
anticipated at Rocky Flats Plant The hazards description includes physical, chemi- 

cal, radiological and biological hazards, followed by general requirements for limiting 

exposures, monitoring contaminant concentrations, and measuring employee exposure 

4.1. IDENTIFICATION OF POTENTIAL HAZARDS 

4.1.1. Phvsicrrl+Ilzrrds 

The following physical hazards are anticipated at Rocky Flats Plant 

The body's physiological processes fai l  to maintain a normal body tem- 
perature because o f  excessive heat A number of physical reactions can 
occur, ranging from mild to fatal 

- Heat Rash, caused by continuous exposure to heat and humid air ag- 
gravated by chafing clothes Decreases ability to tolerate heat and 
becomes a nuisance 

- Heat Cramps, caused by profuse perspiration with inadequate f luid 
intake and chemical replacements (especially salts) Signs muscle 
spasm and pain i n  the extremities and abdomen 

- Heat exhaustion, caused by increased stress on various organs to meet 
increased demands to cool the body Signs shallow breathing, pale, 
cool, moist skin, prof use sweating, dizziness and lassitude 

- Heat stroke, the most severe form of heat stress Body must be 
cooled immediately to prevent severe injury and/or death Signs 
red, hot, dry skin, no perspiration, nausea, dizziness and confusion, 
strong rapid pulse, coma 

Work /Rest Schedulc 

When working in  level B or C protective clothing, the following guideline for 

calculating the work/rest schedule shall be used. 
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Calculate the adjusted temperature, 

T(adjusted) - T(actua1) + (13 x sunshine fraction) 

no cloud cover 
50% cloud cover 
full cloud cover 

100% sunshine - 
50% sunshine = 
0% sunshine - 

Adjusted Temperature Active Work Time (min/hr) 

75 or less 
80 
85 
90 
9s 
100 

50 
40 
30 
20 
10 
0 

- 1 0  - 0 5  - 0.0 

Cold E X D O S U r €  

Persons working outdoors in temperatures at or below freezing can become 
frostbitten Exposure to extreme cold for short time periods can cause severe injury 
to the body surface or can result in profound generalized cooling, causing death 
Body areas which have high surfacc-area-to-volume ratios (e g , fingers, toes, and ears) 
are  the most susceptible. 

Cold ExDosure-Related P r o b l m  

- Frost nip or incipient frostbite, characterized by sudden blanching or 
whitening o f  skin 

- Superficial frost bite, which  causes skin to become waxy or white 
and superficially firm, but resilient beneath 

- Deep frostbite, characterized by cold, pale, solid skin tissues 

- Systemic hypothermia, caused by exposure to freezing or rapidly 
dropping temperature Symptoms are usually exhibited in  five stages 
1 ) shivering, 2) apathy, listlessness, sleepiness and (sometimes) rapid 
cooling o f  the body to less than 9S°F, 3) unconsciousness. glassy 
stare, slow pulse and slow respiratory rate, 4) freezing of  the ex- 
tremities, and finally, 5) death 

Caution will be used to prevent cold exposure by wearing properly insulated 
~ a r m e n t s  beneath protective clothing and by taking frequent warm-up breaks. 
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When noise exceeds acceptable levels (limits specified in  Department of Air 

Force Regulation 161-35 TLV's) administrative or engineering controls designed to re- 

duce exposures will be utilized If  these controls are not sufficient, approved ear pro- 

tection will be provided and its use mandated Noise levels will be monitored when it  

becomes necessary to speak loudly under normal working conditions 

dard Preca-t and S t ruc tura  

Site characterizations (remedial investigations) at  Rocky Flats Plant may re- 

quire the use o f  shovels, drill rigs, portable augers, and backhoes. Prior to any sur- 

face disturbance the required permit will be obtained from Rocky Flats Plant Heavy 

equipment will be operated according to OSHA recommendations and requirements 

- Only qualified and licensed personnel shall be allowed to operate 
this equipment 

- Heavy equipment shall be operated and maintained in conformance 
with established standards and inspected prior to use, as directed by 
Federal, State or OSHA regulations. 

- Overhead electrical power lines shalI be considered energized unless 
Rocky Flats Plant Utilities Manager has verified detnergization 

- While i n  use, drilling rigs shall maintain the following minimum dis- 
tances from overhead power h e s '  10 f t  for 50 kv, 20 f t  for 345 kv, 
and 34 f t  for 750 kv 

In transit, with the boom or derrrck lowered, the closest approach to 
a powerline shall be 4 f t  for  50 kv, 10 f t  for 50-345 kv, and 16 f t  for 
345-750 kv 

Flammable  and/or Combustible Materials 

Several sites requiring characterization could contain flammable or com- 

bustible materials The SSMP Health and Safety Plans will contain detailed informa- 

tion on the likelihood of encountering combustible materials and specific health and 

safety requirements for these areas 
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, 
4 1.2 Pno wn Che- 

Known chemical hazards at Rocky Flats Plant include possible inhalation, in- 
gestion, or dermal absorption of organic compounds, solvents, or other toxic materials 
Specific properties o f  known chemical contaminants are provided i n  Appendix A If  

~t IS determined that additional chemicals are present at Rocky Flats Plant, Appendix 
A will be amended Levels or concentrations of these hazardous materials can be es- 
timated from groundwater sampling results 

4 1.3. Known Radlol- 

Radionuclides are expected to be present at Rocky Flats Plant The specific 
properties o f  the known radionuclides, including type of emission, half-life, maximum 
allowable concentrations, and body burdens are provided i n  Appendix A The spe- 
cif ic properties o f  the known radionuclides including type o f  emission, half-life, max- 
imum allowable concentrations, and body burdens are provided in Appendix A 

There are three principal pathways by which individuals could be exposed to 
radioactivity during site characterizations (remedial investigatrons) These are ( 1 )  in- 
halation or ingestion, (2) dermal absorption, and (3) exposure to direct radiation from 
contaminated materials (see 4.2. for  personnel protection requirements) @ 

4.1 4 Biolonical Hazards 

Certain biological hazards are anticipated at Rocky Flats Plant 

- insects, including ticks and mosquitoes, 
- snakes of poisonous and nonpoisonous species, and 
- rodents, including mice and rats 

if a worker is bitten by a rodent or snake, the Subcontractor Site Health and 
Safety Coordinator will  be immediately notified The Rocky Flats Plant installation 
medical center shall be contacted and appropriate medical care given 
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4.2. PERSONNEL PROTECTION REQUIREMENTS 

4 2.1 Protectioo Le rcls 80d Protecti re Clothim 

As stated i n  the CGMP Health and Safety Plan, the US Environmental Protec- 
tion Agency (EPA) has established four levels of protection for personnel entering po- 

tentially hazardous sites The work at Rocky Flats Plant is anticipated to be con- 
ducted in levels B, C, and D protection based upon known hazards. The SSMP Health 
and Safety Plan will define zones of Contamination and identify which levels o f  pro- 
tection will be required for each zone A11 personnel entering a zone will be required 
to wear the attire designated for that zone 

4 2.2. protect! vc 

As stated i n  the CGMP Health and Safety Plan, a variety o f  safety equipment 
will be used to protect personnel from safety hazards and mnimize exposures to haz- 
ardous chemicals and radionuclides during Rocky Flats Plant site characterizations 
(remedial investigations) Portable monitors and meters will be used to determine ex- 
posures and measure air concentrations of radiological and chemical contaminants 
The safety equipment used will include photoionization and organic vapor analyzers, 
air  samplers, radiation survey meters, exPlOSive gas concentration meters, detector 
tubes, and thermoluminescent dosimeters This safety equipment IS fu l ly  described in 
the CGMP Health and Safety Plan The SSMP Health and Safety Plans will outline 
specific equipment to be used, and action levels to be taken for each type o f  mea- 
surement 

Cooling vests and warming equipment W i l l  be available to minimize stress from 
climatic conditions As outlined in  the CGMP Health and Safety Plan, emergency 
equipment including f ire extinguishers, first aid kits, blankets, and eye wash kits wll l  

be available for emergency treatment 

4 2.3 Ge neral Safety P ractices a ad Mitinatloo Measu res 

As stated i n  the CGMP Health and Safety Plan, some hazards can be mini- 
mized through the implementation of specific procedures, use of  special equipment, 
training o f  personnel. or availability of emergency response equipment in  the event o f  
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an accident The general requirements listed in the CGMP Health and Safety Plan 
ail1 be observed during all Rocky Flats Plant site characterizations (remedial investi- 

gations) 

Work that may involve resuspenslon of contaminants into the air  wil l  be sus- 
pended when the wind speed exceeds 15 miles per hour 

Morning meetings for all personnel involved in sampling will  be held daily 

These meetings will be used to express health and safety concerns related to the day's 
activities Standard safe working practices, described i n  Section 4 of the CGMP 

Health and Safety Plan. will be followed. Appendix A provides a list of  potential 
chemical and hazards radiological and their respective method o f  detection and 
Threshold Limit Value (TLV) A detailed description o f  hazards and hazardous mate- 
rials which could be encountered at each site will be provided in  each SSMP Health 
and Safety Plan The SSMP Health and Safety Plans will also provide site-specific 
safety practices and mitigative measures. 

4 3 .  SITE ACCESS CONTROL 

As stated i n  the CGMP Health and Safety Plan. control zones will be estab- 
lished prior to commencement of work at  contaminated Sites to protect employees and 
the general public from unnecessary exposure to toxic materials and/or radiation, and 
to prevent inadvertent spread of contamination The control (exclusion) zones wlll be 
designated i n  each SSMP Health and Safety Plan based on the nature, magnltude, and 
extent of contamination, and the potential for contaminant migration Decontamina- 
tion is required for personnel, equipment, and vehicles moving from an exclusion 
zone to a clean zone 

The decontamination of equipment and personnel will be conducted i n  steps 
starting at exclusion zones, proceeding through contamination reduction zones, and 

ending at clean zones The size and number of contamination reduction zones will  be 
determined on a site-specific basis and will be provided in  each SSMP Health and 
Safety Plan Exclusion criteria, protection requirements, contact person, and other 
relevant information wil l  be posted at the access station of each exclusion zone 
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4.3.2. Dccootimiaitioa 

At Rocky Flats Plant, decontamination will follow the general procedures de- 

scribed i n  Section 4 of the CGMP Health and Safety Plan. Each SSh4P Health and 

Safety Plan will clearly define decontamination procedures for specific contaminants 

of  concern 

Decontamination solutions used will be selected according to contaminants en- 
countered on a site-specific basis Radionuclides anticipated at Rocky Flats Plant can 
be removed from personnel and equipment using dilute soap rnd water solutions Or- 

ganic compounds and solvents will require use of slightly stronger detergents for ef -  
fectlve removal Following decontamination, verification measurements will be made 

to ensure that contaminants have been removed to safe levels. For articles or person- 

nel contaminated by low energy beta emitters, swipe-samples will be collected and an- 
alyzed using liquid scintillation detectors For alpha and high energy beta emitters, a 
survey meter will be used to evaluate decontamination Following this "frisking,' 

swipes will be collected and analyzed using a gross alpha/beta counting meter 

4.4. WORKER TRAINING 

As described in the CGMP Health and Safety Plan, health and safety training 

will be conducted and documented for all members of site characterization (remedial 

investigation) field teams The level of training for each team will be commensurate 

with Job functions and potential hazards i n  work areas and comply with the RCRA 

part B Operating Permit Application, Section H This will be in addition to comple- 

tion o f  any surcontractor basic health and safety training, or the equivalent, that 

must be approved prior to site assignment At least two field members o f  each f ie ld  

team will be required to have current certification in American Red Cross Multi-Me- 

dia First Aid and Cardio Pulmonary Resuscitation (or the equivalent) In addit~on,  

training for all field team members will meet right-to-know requirements and will  

follow the outline i n  Appendix A,  which includes 

- radiological safety, 
- hazard identification and recognition, - potential health effects  and symptoms of  exposure, - protective equipment requirements and proper use, 
- decontamination procedures, 

ROCKY FLATS PLANT IGMP/CSPCP Draft February 1087 ( h i o n  1) HLS Plrn Section 4, page 7 



- controlled area restrictions, and - emergency response requirements 

4 5 .  EMPLOYEE MEDICAL PROGRAM 

As stated in the CGMP Health and Safety Plan, site characterization (remedial 

Investigation), subcontractor field team members shall participate i n  an employee 
medical examination program. Their suitability for conducting field sampling ac- 
tivlties (including possible respirator use) will be evaluated and documented by a 

physician Medical programs must comply with requirements o f  DOE Order 5480 1A 

Chapter VI11 

4.6. RECORDS AND REPORTING REQUIREMENTS 

Subcontractors will maintain health and safety records and submit reports, as 

These will required by DOE Orders, to the Subcontractor CEARP Project Manager 

include the following 

- DOE Form 5484 3 Supplementary Record of Occupational Injurles 
and Illnesses 

- DOE Form 5484 4 Tabulation of Property Damage Experience 

- DOE Form 54855 Report of Property Damage or Loss 

- DOE Form 54846 Annual Summary of Whole Body Exposures to Ion- 
izing Radiation 

- DOE Form 54847 Summary of Exposures Resulting In Internal Body 
Depositions of Radioactive Materials for CY 

- DOE Form 5484 8 Termination Occupational Exposure Report 

- DOE Form OSHA-200 Log of Occupational Injuries and Illness 

- DOE Form EV-lO2A Summary of Department of Energy and De- 
partment of Energy Contractor Occupational Injuries and Illnesses 

- DOE Form 5821 1 Unplanned Releases Form 

The Subcontractor Project Manager will distribute copies of the reports to Los 
Alamos National Laboratory, the DOE-Albuquerque Operations Offlce. and the 
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Rockwell International Health and Safety Department, as appropriate Specific re- 
porting responsibilities are given in the following subsection 

4.6.1 Evbosure aod Medical R c c o r b  

Subcontractors will maintain confidential medical records for  each field team 
member as indicated by the employee medical program These records will identify 
individuals by name, date of birth, social security number, and additional identifiers 
as desired by the subcontractor The employee's accident record and history of expo- 
sures and/or possible exposures to hazardous physical, chemical, or biological agents 
will  be included with the medical records 

The Subcontractor Site Health and Safety Coordinator wil l  prepare, and submit 
to the Subcontractor Project Manager and the Rockwell International CEARP Man- 
ager, radiation exposure reports as required in DOE Order 5484 1 Form 5484 8, 

"Termination Occupational Exposure Report," will  be completed for any employee in- 
cluded i n  a radiation monitoring program upon termination of employment Forms 
5484 7, "Summary of Exposures Resulting i n  Internal Body Depositions of Radioactive 
Materials for  C Y  19XX." and 54846, 'Annual Summary of Whole Body Exposures to 
Ionizing Radiation," will be submitted annually by March 31 for monitored employ- 
ees These reporting requirements are currently under revision by DOE, and the Sub- 

contractor Site Health and Safety Coordinator shall comply wi th  the new require- 
ments when they become f inal  

4 6 2 Accident/Incident Rebortf 

T h e  Subcontractor Site Health and Safety Coordinator wil l  notify the Subcon- 
tractor Project Manager and the Rockwell International CEARP Manager of any accl- 
dents or incidents that occur during site characterizations (remedial investigations) at 
Rocky Flats Plant The Subcontractor Site Health and Safety Coordinator will also 
submit a completed DOE Form F 5 4 8 4 X  for any of the following incidents 

( 1 )  "Recordable" occupational injuries or illnesses are defined below- 

OCCUPATIONAL INJURY is a n y  in jury  such as a cut, fracture, 
sprain, or amputation that results from a work accident or from an 
exposure involving a single incident i n  the work environment 
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NOTE Conditions resultrng from animal or iascct bites, or one-time 
exposure to chemicals, are considered to be injuries 

OCCUPATIONAL ILLNESS of an employee IS any abnormal condi- 
tion or disorder, other than one resulting from an occupational in- 
jury, caused by exposure to environmental factors associated with 
employment. It includes acute and chronic illnesses or diseases which 
may be caused by inhalation, absorption, ingestion, or direct contact 
wi th  a toxic material 

(2) PROPERTY DAMAGE LOSSES of Sl,OOO or more are reported as 
follows accidents which cause damage to DOE property, regardless 
o f  fault, or accidents wherein DOE may be liable for damage to a 
second party, are reportable if damage is S1,OOO or more Include 
damage to facilities, inventories, equipment, and properly parked mo- 
tor vehicles Exclude damage resulting from a DOE reportable vehi- 
cle accident 

(3) GOVERNMENT MOTOR VEHICLE ACCIDENTS resulting in dam- 
ages o f  S250 or more, or involving an injury, are reported unless the 
Government vehicle IS not at fault, damage o f  less than $250 IS sus- 
tained by the Government vehicle, and no injury IS inflicted on the 
Government vehicle occupants Accidents are also reportable to DOE 
if 

- damage to a Government vehicle, not properly parked, is greater 
than or equal to 5250; 

- damage to DOE property is greater than or equal to 5250 and the 
driver o f  a Government vehicle is at fault, 

- damage to any private property or vehicle IS greater than or equal 
to $250 and the driver of a Government vehlcle is at fault, and 

- any person is injured and the driver o f  a Government vehicle 1s at 
fault 

4 7 EMPLOYEE INFORMATION 

The Subcontractor Site Health and Safety Coordinator shall ensure that the 
following DOE forms are posted where field team members can easily read them 

- Form F 54802  Occupational Safety and Health Protection, 

- Form F 5 4 8 0 4  Occupational Safety and Health Complaint Form 

Also, the Rocky Flats Plant Health and Safety Standard concerning employee 
rlght-to-know shall be provided in  each SSMP and appropriately posted. 
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5. EMERGENCY RESPONSE AND NOTIFICATION 

This section provides guidelines for responses to emergency situations 

5.1. EMERGENCY CONTACTS 

Names o f  persons to contact in case of  emergencies wil l  be provided i n  the 
This emergency contact form will be copied and posted 

Additional contacts are given i n  the Safety 
format found i n  Figure 5 1 

in  prominent locations at the work sites 
Evaluation Form (Appendix A) 

5.2. CONTINGENCY PLANS 

Field team leaders, with assistance from the Subcontractor Site Health and 
Safety Coordinator, shall have responsibility and authority for coordinating all emer- 
gency response activities until proper authorities arrive and assume control A copy 

of these plans shall be available at the work site at all times, and all personnel work- 

ing on the site shall be familiar with the plans. Evacuation plans and routes shall be 
on a job-specific basu, and all personnel shall be familiar with them. a 
5 2.1. Flrc/ExDlosiQg 

Any fire emergency will  be handled by immediately notifying the fire depart- 
Only if the fire appears to be small and easily extinguishable will personnel 

Otherwise. irnmc- 

ment 
attempt control with  fire extinguishers available i n  the work area 
diate evacuation of the area is indicated 

If combustible gas/oxygen meters show explosive gas or oxygen concentrations 
approaching 25% o f  the lower explosive limits, all personnel will be evacuated and 
the f i re  department wil l  be notified In the event o f  an explosion, all personnel shall 
be evacuated and no one shall re-enter the area until it has been cleared by explosives 
safety personnel 

ROCKY FLATS PLANT IGMP/CSPCP Draft Ftbruvy 1987 (Revwon 1) HkS Plan Scctlon 5, page 1 



5.2.2. personnel 1- 

In case of injuries to personnel, first aid treatment will  be initiated immedi- 
ately by trained personnel In case of serious injuries, the victim wi l l  be transported 
to the Rocky Flats Plant medical center as soon as possible Mnor injuries may be 
treated onsite, but all injuries will be examined by trained medical personnel Vic- 
tims o f  serious bites or stings will be taken to the Rocky Flats Plant medical center 
In the event that an injured person is contaminated with chemicals or radionuclides, 
the person shall be taken as soon as possible to the Rocky Flats Plant medical center 
Decontamination shall be performed to prevent further exposure only if it will not 
aggravate the injury Treatment o f  life threatening or serious injuries will always be 
considered first 

5.2.3. ,4ccidentrl Relc8scs of Ridionydides to the Eaviroomept 

In case o f  releases of radionuclides to the environment (such as a spill of sam- 
ples being transported for analysis), emergency response shall be In accordance with 

Rocky Flats Plant procedures The Subcontractor Site Manager or Field Team Leader 
shall notify the Rockwell International CEARP Manager of such an event. 

5.3. NOTIFICATION REQUIREMENTS 

Reporting and notification of cmergcncy situations shall be carried out in ac- 
cordance with requirements i n  DOE Order 5484 1 The Field Team Leader shall no- 
t l f !  the Subcontractor Site Manager The Subcontractor Site Manager will notify ap- 
propriate emergency assistance personnel (e 8 ,  fire, police, ambulance at ext 291 I ) ,  

and the Rockwell International CEARP Manager The responsibilitv of the Subcon- 
tractor Site Health and Safety Coordinator for Rocky Flats Plant IS to implement no- 
tification and reporting requirements of DOE Order 5484 1 
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0 Site Health and Safety Coordinator-- 
Name : 

Installation Health and Safety Officer-- 

Call: 

Name: Call : 

2 4 - H o u r  Installation Health/Safety Coordinator-- 

Call: 

FIRE-- Call: 

AMBULANCE-- Call: 

POISON CENTER-- 

SECURITY-- Call : 

POLICE-- Call: 

YOU ARE LOCATED AT: 

THE N E A R E S T  TELEPHONE IS LOCATED AT: 

THE NEAREST EMERGENCY MEDICAL SERVICES ARE LOCATED AT: 

Figure 5 1 Emergency Contacts 
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6. EN V I R 0 N ME NT A L MO N IT0 R IN G 

Environmental impacts from CEARP site characterizations (remedial investiga- 

tions) are expected to be negligible Additional sampling to supplement Rocky Flats 

Plant routine monitoring activities is not considered necessary Monitoring of air 

quality for personnel protection will provide data to re-evaluate the need for envl- 

ronmental monitoring Additional guidance and detail regarding monitoring during 

site characterizations (remedial investigations) will be provided in  SSMP Sampling 

Plans 
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1. INTRODUCI'ION 

CEARP Phase 2 Confirmation consists o f  CEARP Phase 2a, Monitoring Plan, 
and CEARP Phase 2b Site Characterizations (Remedial Investigations) This  Health 
and Safety Plan is one component of the Monitoring Plan for Rocky Flats Plant The 
Monitoring Plan typically consists of f ive  parts Synopsis, Sampling Plan, Technical 
Data Management Plan, Health and Safety Plan, and Quality Assuranct/Quality 
Control Plan Because of the Compliance Agreement by the State of Colorado, the 
Environmental Protection Agency, and the DOE, this Monitoring Plan also includes a 
Feasibility Study Plan The Synopsis provides a discussion o f  the current situation 
and serves as an introduction to the other plans 

CEARP uses a thret-tiered approach in the preparation o f  monitoring plans 
the CEARP Generic Monitoring Plan (CGMP), the Installation Generic Monitoring 
Plan (IGMP), and the Site-Specific Monitoring Plans (SSMPs) 

This S S W  is the Work Plan for  Performance o f  Remedial Investigations and 
Feasibility Studies for all High Priority Sites required by the Compliance Agreement 
Therefore, the acronym used to refer to this plan is SSMP/RIFS 

Consistent with the tiered approach k i n g  used by CEARP, this SSMP/RIFS 

Health and Safety Plan incorporates the specific safety practices and procedural re- 
view requirements for  Rocky Flats Plant as outlined i n  the IGMP/CSPCP Health and 
Safety Plan, and the general requirements of  DOE as specified in  the CGMP Health 
and Safety Plan Therefore, this Health and Safety Plan has been written at a site- 
specific level, and includes justifications for personnel protection requirements pro- 
posed at each site (Section 4) 
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2. POLICY AND STANDARDS 

I t  is DOE’S policy that its operations shall be conducted in a manner that will 

(1) limit risks to the health and safety of  the public and employees, and (2) ade- 

quately protect property and the environment As outlined in  the CGMP Health and 

Safety Plan, DOE has responsibility for health, safety, and environmental protection 

programs at  DOE-owned contractorsperated facilities Consutent with this responsi- 

bility, this Health and Safety Plan includes the current health and safety policy and 

standards in  effect at Rocky Flats Plant It also includes provisions to implement ex- 

ternal subcontractor policy and standards when the latter are determined to be more 

restr ic tive 

2.1. POLICY 

T h e  main tenet o f  this SSMP/RIFS Health and Safety plan is to keep human 

exposure to toxic materials and radiation at  levels as low as reasonably achievable 

(ALARA) Specific ALARA procedures wilt include engineering controls, administra- 

tive controls, and the use of personal protective equipment. The length of time em- 
ployees spend i n  areas with elevated levels of radioactive or toxic materials will be 

minimized If conditions produce airborne contaminants, dust suppressant measures 
will be taken 

2.2 STANDARDS AND REGULATIONS 

The  environmental, safety, and health protection requirements applicable to 

Rocky Flats Plant operations are set forth i n  DOE and DOE-Albuquerque Operations 

Office Orders These orders require compliance with applicable federal, State o f  Col- 

orado, or local standards This Rocky Flats Plant SSMP/RIFS Health and Safety Plan 

is based on these DOE Orders, federal regulations, and other professional standards 

specified in  the CGMP and IGMP/CSPCP Health and Safety Plans 
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3. HEALTH AND SAFETY RESPONSIBILITIES 

The line organizations conducting CEARP Phase 2b site characterizations 

(remedial investigations) are responsible for health and safety o f  employees and the 

public The simplified organizational chart for health and safety at Rocky Flats 

Plant is presented in Figure 3 1 

3.1. GENERAL RESPONSIBILITIES 

General responsibilities for health and safety are defined in  the Rocky Flats 

Plant IGMP/CSPCP Health and Safety Plan In brief. the Subcontractor Site Manager 

is responsible for ensuring the health and safety of field team personnel The 

Subcontractor Site Health and Safety Coordinator provides guidance to the 

Subcontractor Site Manager regarding potential health hazards during 

characterization activities The Subcontractor Site Health and Safety Coordinator has 
the authority to terminate field activities at  specific sites if unsafe conditions 

develop 

3.2. INSTALLATION RESPONSIBILITIES 

Installation health and safety responsibilities ate stated in the Rocky Flats 

Plant IGMP/CSPCP In brief, the Rockwell International Health, Safety and 

Environment Department Director has primary responsibility for implementing health 

and safety requirements at Rocky Flats Plant Representatives o f  the Rockwell 

International Health, Safety, and Environment Department, under direction o f  the 

Rockwell International CEARP Manager, will provide guidance to the Subcontractor 

Project Manager f o r  establishing health and safety requirements in conjunction with 

the current health and safety policy and standards in  effect at Rocky Flats Plant 

3 3. SPECIFIC RESPONSIBILITIES 

Responsibilities assigned to the functional health and safety organization for 

the Rocky Flats Plant are provided in the IGMP/CSPCP Health and Safety Plan 

ROCKY FLATS PLANT SSMP/RIPS Drdt February 1987 (Revmion 0 )  HLS Plrn Section 3, page 1 



I DO€ ROCKY FLATS I AREAOFFICE 

SUBCONTRACTOR 
PROJECT 
MANAGER 

I 
~~~ 

ROCKWEU WTERNAnONAL 
HEALTH, SAFETY, AND ENVIRONMENT I DEPARTMENT 

SUBCONTRACTOR SITE 

COORDINATOR 
I HEALTH AND SAFETY 

I SUBCONTRACTOR 
SITE MANAGER 
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4. HAZARD ASSESSMENT AND PERSONNEL PROTECTION REQUIREMENTS 

The following section provides a description of anticipated site-specific haz- 

The  installation-wide potential hazards are described in  ards at Rocky Flats Plant 

the IGMP/CSPCP Health and Safety Plan. 

4.1. IDENTIFICATION OF POTENTIAL HAZARDS 

Speciflc chemical and radiological contaminants at the high-priority sites are 

discussed i n  the following sections and are presented i n  Appendix A These site-spe- 

cific discussions are based on data presented i n  the Rocky Flats Plant RCRA Part B 
Operating Permit Application (DOE 1986f) If additional hazards are found during 

CEARP Phase 2 b  site characterizations (remedial investigations), this health and 

safety plan wtll be amended as appropriate 

4.1.1. g81 H Illside Sitg 

The principal chemical contaminants of  concern in the vicinity o f  the 881 

Hillside Site are chlorinated hydrocarbons (tetrachloroethylene, trichloroethylene, 

I,l,l-trichloroethane and 1,I-dichloroethylene) (DOE 1986f) T h e  highest measured 

concentrations of these compounds i n  groundwater were detected during 1986 in  well 

9-74 These highest measured values were 4800 (ppb) o f  tetrachloroethylene, I1 000 
ppb of  trichloroethylene, 14 000 ppb of I,l,l-trichioroethant and 7200 ppb o f  1.1- 

dichloroethyiene Lower concentrations of these compounds were detected in previous 

sampling events (DOE I986f) There were no deflections of the photoionization de- 

tector noted during the recent well installations on the 881 Hillside Site 

4.1 2 903 Pad Area Si& 

The potential exists to encounter chlorinated hydrocarbons a t  the 903 Pad Area 

Site during site characterization (remedial investigation) activities The 903 drum 

storage area (SWMU 112) was utilized as a storage facility for drums containing 

radioactive contaminated lathe coolant. The lathe coolant consisted of approximately 
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chloroethylcne, 260 ppb of trichloroethylene, 53 ppb of S1,2-dichlorocthylene, 159 ppb 

of chloroform, and 1560 ppb of carbon tetrachloride ( W E  1986f) Wells 41-86 and 7- 

74 lire located east of trenches T-4 to T-11 (SWMU 11 I )  Well 41-86 did not contain 

chlorinated hydrocarbons above detection limits, but at well 7-74 trichloroethylene 
and tetrachloroethylene were both detected at concentrations of 16 ppb (DOE 1986f) 

The east trenches contain known uranium and plutonium Trench T-3 (SWMU 

1 10) contains flattened drums contaminated with uranium and plutonium Trenches 
T-4 to "-1 1 (SWMU 11 I )  contain plutonium and uranium contaminated asphalt plank- 

ing from the solar evaporation ponds Maximum radionuclide concentrations detected 
in groundwater during 1986 occurred in wells 22-74 and 42-86 adjacent to the east 

trenches These values were 0 5  pCi/l, 0 0 7  pCi/l. 9 8  pCi/l, 11 pCi/l and 0 2 1  pCi/ml 
for  plutonium, americium, uranium233+234, uranium238 and tritium, respectively 

(DOE 1986f) 

4.1.5. Present La ndffll S it€ 

Chemical hazards of concern a t  the present landfill may include methane and 

chlorinated hydrocarbons, as indicated by elevated photoionization detector readings 

noted while drilling wells 7-86, 8-86 and 9-86 in 1986. 

4.1.6. Solar Evaaoration Poods Si te  

No volatile organics were detected with a photoionization dctector during 

drilling of new wells around the solar evaporation ponds, however, chlorinated hydro- 

carbons may be a potential chemical hazard 

Radiation IS considered a potential hazard at the Solar Evaporation Ponds S i t e  

These ponds were used to contain radioactively contaminated l iquid wastes (DOE 
1986f) 
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identifying anticipated levels of potential hazards, and assigning I level o f  protection 

based on the guidance outlined above These levels of protection may k modified by 

the Subcontractor Site Health and Safety Coordinator according to specific field con- 
ditions, and documented according to procedures given in Section 3 5 

4 2.2.1. Activity 1 - Geopbyrhl  Surveys 

For all non-intrusive geophysical surveys Level D protective gear will be used 

4.2.2.2. Activity 2 - Drilling and Well Inrt8ll8tloa 

Groundwater monitoring wells will bc installed near the high-priority sites 

Data from groundwater samples indicate that low levels of alpha radioactivity and 

volatile organics may be encountered when installing wells. Therefore, Level C pro- 

tective gear will be initially used for all drilling and well installation activities 

4.2.2.3. Activity 3 - Development, Sampling, 8nd Testing of Monitor Wells 

Monitor wells will be developed, sampled, and tested near the high-priority 

sites For reasons stated in Activity 2, Level C protective gear will initially be used 

for all well developmen t, sampling, and testing activities A photolonuation detector 

w d l  be used to monitor the head space of the well for organic compounds 

4.2.2.4. Activity 4 - Surface Water 

Surface water will be collected from Walnut and Woman Creeks. Level D pro- 

tective gear will be used for this activity 

4.2.2.5. Activity 5 - Surface Soil and Sedimeot 

Sediment samples from Walnut and Woman Creeks will be sampled Level D 
Surficial soil samples will be taken a t  the 

Level C protection will be required at the 903 Pad Area Site and 

protection will be used for this activity 

high-priority sites 

the Mound Area Site Level D protection will be used at  the other loations 

ROCKY F I A T S  PLANT SSMP/RIFS D d t  February 1987 (Revwon 0 )  HLS Plur Section 4, page 5 



I 0 
safe operation o f  equipment, topography of the Site, CXtent of contamination, and PO- 

tential for airborne transport. 

4.3.2. Dccpatrmiartlon 

Decontamination is required for penonnel, equipment, and vehicles to prevent 
the spread of contamination to adJacent areas, reduce the possibility of  cross-contam- 
ination of wells and samples, and protect employees The decontamination of  equip- 
ment and personnel will be conducted i n  steps from the exclusion zone through one or 

more contamination reduction zones to a final clean zone. The following decontami- 
nation procedures will be tnitiated after each sample or prior to leaving the contami- 
nation reduction zone Decontamination procedures are listed by personnel protection 
levels 

Level D 

Mmimum personnel decontamination - Dispose of Level D protective clothing 

Mnimum equipment decontamination - 
Step 1 - Wash equipment with an alkaline detergent. 

Step 2 - Rinse with tap or distilled water 

Level C and B 

W n i m u m  personnel decontamination Level C and B decontamination w ~ l l  

follow procedures as outlined by the Environmental Protection Agency (EPA 1985c) 

M n l m u m  equipment decontamination 

Step 1 - Brush excess soil and wash with an alkaline detergent. 

Step 2 - Rinse with tap water (from a steam cleaner). 

Step 3 - Survey with both the photoionization detector probe to deter- 
If so, repeat steps I ,  
Proceed to the next 

mine if any residual contamination exists 
2, and 3 until no contammation is detected 
sampling location. 
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activities (including possible respirator use) will be evaluated and documented by a 
physician Medical programs must comply with requirements o f  DOE Order 5480 1A 

Chapter VI11 

4.6. RECORDS AND REPORTING REQUIREMENTS 

As stated in  the CGMP and IGMP/CSPCP Health and Safety Plans, subcontrac- 

tors will maintain health and safety records and submit reports, as required by DOE 
Orders These reports will be distributed as defined in the IGMP/CSPCP Health and 

Safety Plan 

4.6.1. Exnosure and Medical Records 

As stated in the CGMP and IGMP/CSPCP Health and Safety Plans, subcontrac- 

tors will maintain confidential medical records for each field team member. These 

records w ~ l l  identify individuals by name, date of birth, social security number, and 

additional identifiers as desired by the subcontractor The employee’s accident 

record, history of exposures, and/or possible exposures to hazardous physical, chemi- 

cal, or biological agents will be included with the medical records. 

4.6.2. j4cc iden t /Inelden t R m  

As stated in the CGMP and IGMP/CSPCP Health and Safety Plans, the Subcon- 
tractor Site Health and Safety Coordinator wrll notify the Subcontractor Project Man- 

ager of any accidents or incidents that occur during site characterizations (remed~al 

investigations) The Subcontractor Site Health and Safety Coordinator will also sub- 
mit a completed DOE Form F 5484X. as appropriate 

I 

4.7. EMPLOYEE INFORMATION 

As stated i n  the CGMP and IGMP/CSPCP Health and Safety Plans, the Subcon- 

tractor Site Health and Safety Coordinator shall ensure that the following DOE forms 

are posted where field team members can easily read them: 
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5. EMERGENCY RESPONSE AND NOTIFICATION 

Emergency response and notification for the site characterizations (remedial 
investigations) will be accomplished following the guidance provided in the 
IGMP/CSPCP Health and Safety Plan. The emergency contacts form will be filled 
out and available at each work site prior to entry 
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6. ENVIRONMENTAL MONITORING 

As stated in the IGMP/CSPCP Health and Safety Plan, environmental impacts 
from CEARP Phase 2b site characterizations (remedial investigations) are expected to 

be negligible Additional sampling to supplement Rocky Flats Plant routine moni- 
toring activities is not considered necessary Monitoring of air quality for personnel 

protection will provide data to re-evaluate the need for environmental monitoring 
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